Waterbody

Pollutant

Sources

Location: Folder
#; Tab Title

Bear River, Upper

Mercury

May, J.T., R.L. Hothem, C.N. Alpers, M.A. Law. 2000. Mercury
Bioaccumulation in Fish in a Region Affected by Historic Gold Mining: The
South Yuba River, Deer Creek, and Bear River Watersheds, California, 1999.
U.S. Geological Survey. Sacramento, CA. 2000.

1; HU:516 & 517

Mercury

Bear River, Upper Montoya, B. and X. Pan. 1992. Inactive Mine Drainage in the Sacramento  |1; HU:516 & 517
Valley, California. California Regional Water Quality Control Board, Central
Valley Region Report. July 1992.
Bear River, Upper|Mercury [Nevada County, Department of Environmental Health. 2000. Press Release,|1; HU:516 & 517
. Three County Environmental Health Agencies Issue Interim Public Health
Notification on Mercury in Fish.
(http://www.co.nevada.ca.us/ehealth/hg/press_release 10-03-00.htm) .
Black Butte Res  [Mercury [Fact Sheet 1; Black Butte
Black Butte Mercury |Brodberg, R. K. and G. A. Pollock. 1999. Prevalence of Selected Target
Reservoir Chemical Contaminants in Sport Fish from Two California Lakes: Public
Health Designed Screening Study. California Environmental Protection
Agency, Office of Environmental Health Hazard Assessment Final Report.
June 1999, Sacramento, California. 1; Black Butte
Black Butte Mercury |OEHHA (Office of Environmental Health Hazard Assessment). 2000. Draft
Reservoir Evaluation of Potential Health Effects of Eating Fish From 1; Black Butte

Reservoir (Glenn and Tehama Counties): Guidelines for Sport Fish
Consumption, Pesticide and Environmental Toxicology Section, California

Environmental Protection Agency, Office of Environmental Health Hazard
Assessment.

1; Black Butte

Butte Slough Diazinon |Fact Sheet 1; Bear and Butte
Crks
Butte Slough Diazinon [Chilcott, J. 1992. Agenda Item #11 for Meeting of California Regional
Water Quality Control Board, Central Valley Region. September 25, 1992.
Fresno, CA. Staff Report on Consideration of Water Body Designations to
Comply with Provisions of the Water Quality Control Plan for Inland Surface|l; Bear and Butte
. Waters of California. Including Appendix B. Crks
Butte Slough Diazinon [Dileanis, P.D., J.L. Domagalski, and K.P. Bennett. 2000. Occurrence and |1; Bear and Butte
Transport of Diazinon in the Sacramento River and its Tributaries During  |Crks
Three Winter Storms, January-February 2000. U.S. Geological Survey
. Water Resources Investigations Report, Draft. Sacramento, CA,
Butte Slough Diazinon |Holmes, R., C. Foe, and V. de Vlaming. 2000. Sources and Concentrations |1; Bear and Butte
of Diazinon in the Sacramento Watershed During the 1994 Orchard Crks
Dormant Spray Season. California Regional Water Quality Control Board —
Central Valley Region. Sacramento, CA. (CDPR and hard copy)
Butte Slough Diazinon [NCWA (Northern California Water Association). The Lower Butte Creek  |1; Bear and Butte
Project. (http://norcalwater.org/lower_butte creek project.htm). Last Crks
updated Sept 4, 2001.
Butte Slough Molinate [Fact Sheet 1; Bear and Butte
Crks
Butte Slough Molinate [California Rice Commission. 2001. CA Rice. Chapter 3: Water Quality |1; Bear and Butte
in Relation to Rice Farming Crks
http://www.calrice.org/frame.tpl? _page=environment/balance-sheet/
Butte Slough Molinate [CDPR. 2001. Surface Water Database. Access formatted database, using
the parameters of Butte Slough and molinate 1; Disk 1
Butte Slough Molinate |Gorder, N.K.N., J.M. Lee, and K. Newhart. 1995. Information on Rice 2;

Pesticides Submitted to the California Regional Water Quality Control
Board Central Valley Region. Environmental Monitoring and Pest
Management Branch, Department of Pesticide Regulation, Sacramento, CA.

December 28, 1995.

..

1; Bear and Butte

Crks




Waterbody |Pollutant [Sources Location: Folder
#; Tab Title
Mokulmne  |Zinc CDFG (California Department of Fish and Game). 1991. Lower Mokelumne |1; Camanche Res
River River Fisheries Plan. The Resources Agency, Department of Fish and Game,
Stream flow Requirements Program. November 1991.
Mokulmne  |Zinc CH2MHILL. 2000a. Closure Report: Penn Mine Environmental Restoration {1; Camanche Res
River Project. Prepared for: East Bay Municipal Utility District and Regional
Water Quality Control Board-Central Valley Region. Oakland, California.
December 2000.
Mokulmne  |Zinc CH2MHILL. 2000b. (Draft) Post-Restoration Final Effectiveness Report:  |1; Camanche Res
River Penn Mine Environmental Restoration Project. Prepared for: East Bay
Municipal Utility District and Regional Water Quality Control Board-Central
Valley Region. Oakland, California. September 2000.
Mokulmne  |Zinc EBMUD (East Bay Municipal Utility District). 2001. Unpublished dissolved|{1; Camanche Res
River copper concentration data for the lower Mokelumne River downstream of
Camanche Dam, generated as part of EBMUD’s NPDES requirements.
Provided electronically by Alexander R. Coate (Manger of Regulatory
Compliance, EBMUD) to Michelle L. Wood (Environmental Specialist,
Central Valley Regional Water Quality Control Board) on August 2, 2001,
Mokulmne  |Zinc EDAW, Inc. 1992. Draft EIS/EIR for the Updated Water Supply 1; Camanche Res
River Management Program, Volume IlI, Technical Appendices Bl and B2.
Prepared for: East Bay Municipal Utility District. Oakland, California.
December 1992.
Mokulmne |Zinc Montoya, B., and X. Pan. 1992. Inactive Mine Drainage in the Sacramento |1; Camanche Res
River Valley, California. California Regional Water Quality Control Board, Central
Valley Region Report. July 1992.
Mokulmne  |Zinc SCH EIR. 1996. Draft EIR for The Penn Mine Site, Long-Term Solution 1; Camanche Res
River Project. Prepared for: East Bay Municipal Utility District and Regional
Water Quality Control Board-Central Valley Region. SCH EIR No.
95103036.
Mosher Chlorpyrifo |Fact Sheet 3; Change:
Slough s, General
Diazinon
Mosher Chlorpyrifo [DeLorme 1998. Northern California Atlas and Gazetteer- Detailed |NA
Slough S, Topographic Maps. 1:150,000 Scale. Fourth Edition.
Diazinon  |(http://www.delorme.com.) '
Mosher Chlorpyrifo |Horizons Technology, Inc., 1997. Sure! MAPS® RASTER Map NA
Slough S, Sets (U.S. Geological Survey 7.5" Topographic Quadrangles),
Diazinon _ |Version 2.1.2.
San Carlos |Hg Fact Sheet " 13; Change: New
Creek Idrea
San Carlos |Hg USGS (United States Geological Survey). 1969-1981. Ciervo NA
Creek Mountain (1969), Idria (1969), San Benito Mountain (1981), and
Tumey Hills (1971). California 7.5’ Topographic Quadrangle, as
presented by TopoZone.com (©® 2000 Maps a la carte, Inc.).
Accessed on March 13, 2001
(http://www.topozone.com/default.asp).
San Carlos |Hg CRWQCB-CVR. 1971-1995. Futures Foundation, New Idria Mine File. 1; Disk 2
Creek Electronic database of all water sampling results for San Carlos Creek and New Idria
Mine drainage. Mercury data for water samples collected June 1971 to December
1995.
San Carlos |Hg CRMP (Panoche/Silver Creek Coordinated Resource Management Plan) (3; Change: New
Creek TRC (Technical Review Committee). 1996. Draft Water Quality Report. Idrea
February 29, 1996.
Stanislaus Diazinon, |[Fact Sheet 3; Change:
River GAP, UTX ' General




Pesticides-Submitted to the California Regional Water Quality Control
Board. California Environmental Protection Agency, Department of
Pesticide Regulation. Environmental Monitoring and Pest Management
Branch. Environmental Hazards Assessment Program. December 31, 2000.

Waterbody Pollutant [Sources Location: Folder
#; Tab Title
Butte Slough Molinate |Gorder, N.K.N., J.M. Lee, and K. Newhart. 1996. Information on Rice 2; |1, Bear and Butte
Pesticides Submitted to the California Regional Water Quality Control Crks
Board Central Valley Region. Environmental Monitoring and Pest
Management Branch, Department of Pesticide Regulation, Sacramento, CA.
December 31, 1996.
Butte Slough Molinate [NCWA (Northern California Water Association). The Lower Butte Creek  |1; Bear and Butte
Project. (http://norcalwater.org/lower_butte_creek_project.htm). Last Crks
updated Sept 4, 2001.
Butte Slough Molinate |Newhart, K., D. Jones, and S. Ceesay. 2000. Information on Rice 2; 1; Bear and Butte

Crks

Butte Slough

Molinate

Newhart, K. and K. Bennett. 1999. Information on Rice 2; Pesticides-
Submitted to the California Regional Water Quality Control Board.
California Environmental Protection Agency, Department of Pesticide
Regulation. Environmental Monitoring and Pest Management Branch.
Environmental Hazards Assessment Program. December 31, 1999.

1; Bear and Butte
Crks

Municipal Utility District and Regional Water Quality Control Board-Central

Calaveras River, [Dissolved [Fact Sheet
Lower Oxygen 2; Low DO
Calaveras River, [Dissolved [*CALFED Bay-Delta Program. 2000. Water Quality Program Plan, Final
Lower Oxygen |Programmatic EIS/EIR Technical Appendix. July 2000. 2: Low DO
Calaveras River, [Dissolved |Lee G.F. Dissolved Oxygen Depletion in the Stockton Sloughs. August
Lower Oxygen [2000. (Prepared for DeltaKeeper) 2: Low DO
Calaveras River, [Dissolved |Lee, G.F. and A. Jones-Lee. 2001b. Review of the City of Stockton
Lower Oxygen |Urban Stormwater Runoff Aquatic Life Toxicity Studies Conducted by the|

Central Valley Regional Water Quality Control Board, DeltaKeeper, and)

the University of California, Davis, Aquatic Toxicology Laboratory)

berween 1994 and 1999. Final Report. November 2001. G. Fred Lee &

Associates. El Macero, CA. (Prepared for DeltaKeeper). 2; Putah Creek
Calaveras River, (Pathogens [Fact Sheet
Lower 1; Bacteria
Calaveras River, [Pathogens [Jennings, B. 2001. Letter from Bill Jennings (DeltaKeeper A Project of San
Lower Francisco BayKeeper) to Mr. Jerry Bruns and Mr. Joe Karkoski (California

Regional Water Quality Control Board, Central Valley Region) dated May

14, 2001, regarding DeltaKeeper comments on section 303(d) list update. __[1; Bacteria
Camanche Aluminu |Fact Sheet 1; Camanche Res
Reservoir m
Camanche Aluminu [Buer, S.M,, S.R. Phillippe, and T.R. Pinkos. 1979. Inventory and Assessmen
Reservoir m of Water Quality Problems related to Abandoned and Inactive Mines in the

Central Valley Region of California. CRWQCB-CVR (California Regional

Water Quality Control Board, Central Valley Region), Report. 1; Camanche Res
Camanche Aluminu |CDFG (California Department of Fish and Game). 1991. Lower Mokelumne |1; Camanche Res
Reservoir m River Fisheries Plan. The Resources Agency, Department of Fish and Game,

Stream flow Requirements Program. November 1991.
Camanche Aluminu |CH2MHILL. 2000a. Closure Report: Penn Mine Environmental Restoration |1; Camanche Res
Reservoir m Project. Prepared for: East Bay Municipal Utility District and Regional

Water Quality Control Board-Central Valley Region. Oakland, California.

[December 2000.
Camanche Aluminu [CH2MHILL. 2000b. (Draft) Post-Restoration Final Effectiveness Report: 1; Camanche Res
Reservoir m Penn Mine Environmental Restoration Project. Prepared for: East Bay

Valley Region. Oakland, California. September 2000.




Waterbody Pollutant [Sources Location: Folder
#; Tab Title
Camanche Aluminu |[EBMUD (East Bay Municipal Utility District). 2000. All About EBMUD. [1; Camanche Res
Reservoir m EBMUD Public Affairs Office publication.
Available: http://www.ebmud.com/pubs/annual/allaboutebmud_2000.pdf.
Accessed: August 2, 2001.
Camanche Aluminu [EDAW, Inc. 1992. Draft EIS/EIR for the Updated Water Supply 1; Camanche Res
Reservoir m Management Program, Volume IlI, Technical Appendices Bl and B2.
Prepared for: East Bay Municipal Utility District. Oakland, California.
December 1992.
Camanche Aluminu |SCH EIR. 1996. Draft EIR for The Penn Mine Site, Long-Term Solution
Reservoir m Project. Prepared for: East Bay Municipal Utility District and Regional
'Water Quality Control Board-Central Valley Region. SCH EIR No.
95103036. May 1996. 1; Camanche Res
Camanche Aluminu |SWRCB (State Water Resources Control Board). 1990. Water Quality
Reservoir m Problems Associated with Operation of Pardee and Camanche
Reservoir. State Water Resources Control Board, Division of Water
Quality staff report. 1; Camanche Res
Camp Far West  [Mercury ([Fact Sheet 2:516 & 517-
Reservoir Mercury
Camp Far West  [Mercury |Alpers, C.N., M.P. Hunerlach. 2000. Mercury Contamination from Historic
Reservoir Gold Mining in California. U.S. Geological Survey. Fact Sheet FS-061-00. [2; 516 & 517-
May 2000. Mercury
Camp Far West  [Mercury [May, J.T., R.L. Hothem, C.N. Alpers, M.A. Law. 2000. Mercury
Reservoir Bioaccumulation in Fish in a Region Affected by Historic Gold Mining: The
South Yuba River, Deer Creek, and Bear River Watersheds, California, 1999.[2; 516 & 517-
U.S. Geological Survey. Sacramento, CA. 2000. Mercury
Camp Far West  [Mercury [Montoya, B. and X. Pan. 1992. Inactive Mine Drainage in the Sacramento
Reservoir \Valley, California. California Regional Water Quality Control Board, Central
Valley Region Report. July 1992, 2; 516 & 517
Camp Far West [Mercury {Nevada County, Department of Environmental Health. 2000. Press Release,
Reservoir Three County Environmental Health Agencies Issue Interim Public Health
Notification on Mercury in Fish. 2; 516 & 517-
(http://www.co.nevada.ca.us/ehealth/hg/press_release_10-03-00.htm) Mercury
Camp Far West  [Mercury {Slotton, D.G., S.M. Ayers, J.E. Reuter, C.R. Goldman. 1996. Gold Mining
Reservoir Impacts on Food Chain Mercury in Northwestern Sierra Nevada Streams
(1996 Revision). Division of Environmental Studies, University of 2,516 & 517-
California, Davis. December 1996. Mercury
Clover Creek Fecal Fact Sheet
Coliform 1; cow creek
Clover Creek Fecal Hannaford MJ and North State Institute for Sustainable Communities. 2000.
Coliform (Preliminary Water Quality Assessment of 1; cow creek Tributaries.
Department of Fish and Game. May 15, 2000.
(http://www .delta.dfg.ca.gov/afrp/documents/cowcrk.rpt.pdf). 1; cow creek
Colusa Drain Azinphos [Fact Sheet
Methyl 1; CBD
Colusa Drain Azinphos [CDPR. 2001. Surface Water Database. Access formatted database, using
Methyl the parameters of Colusa Drain and Azinphos Methyl. 1; Disk 1
Colusa Drain Azinphos |Domagalski, J.L. 2000. Pesticide Monitoring in the Sacramento River
Methyl  |Basin for the USGS National Water Quality Assessment Program. Report
in prep. USGS. As presented in CDPR, 2000a. 1; Disk 1
Colusa Drain Diazinon [Fact Sheet

1; CBD




Waterbody

Pollutant

Sources

Location: Folder
#; Tab Title

Colusa Drain

Diazinon

Holmes, R., C. Foe, and V. de Vlaming. 2000. Sources and Concentrations
of Diazinon in the Sacramento Watershed During the 1994 Orchard
Dormant Spray Season. California Regional Water Quality Control Board —
Central Valley Region. Sacramento, CA. (CDPR and hard copy)

1; Bear and Butte
Crks

Colusa Drain

Molinate

Fact Sheet

1; CBD

Colusa Drain

Molinate

CDPR. 2001. Surface Water Database. Access formatted database, using
the parameters of Colusa Drain and molinate.

1; CBD

Colusa Drain

Molinate

Domagalski, J.L. 2000. Pesticide Monitoring in the Sacramento River
Basin for the USGS National Water Quality Assessment Program. Report
in prep. USGS. As presented in CDPR, 2000a.

1; Disk 1

Colusa Drain

Molinate

Gorder, N.K.N., .M. Lee, and K. Newhart. 1995. Information on Rice 2;
Pesticides Submitted to the California Regional Water Quality Control Board
Central Valley Region. Environmental Monitoring and Pest Management
Branch, Department of Pesticide Regulation, Sacramento, CA. December
28, 1995.

1; CBD

Colusa Drain

Molinate

Gorder, N.K.N., .M. Lee, and K. Newhart. 1996. Information on Rice 2;
Pesticides Submitted to the California Regional Water Quality Control
Board Central Valley Region. Environmental Monitoring and Pest
Management Branch, Department of Pesticide Regulation, Sacramento, CA.
[December 31, 1996.

1; CBD

Colusa Drain

Molinate

Gorder, N.K.N., I.M. Lee, and K. Newhart. 1997. Information on Rice 2;
Pesticides Submitted to the California Regional Water Quality Control
Board Central Valley Region. Environmental Monitoring and Pest
Management Branch, Department of Pesticide Regulation, Sacramento, CA.
December 31, 1997.

1; CBD

Colusa Drain

Molinate

Gorder, N.K.N., J.M. Lee, and K. Newhart. 1998. Information on Rice 2;
Pesticides Submitted to the California Regional Water Quality Control
Board Central Valley Region. Environmental Monitoring and Pest
Management Branch, Department of Pesticide Regulation, Sacramento, CA.
December 31, 1998.

1; CBD

Colusa Drain

Molinate

Holmes, R., C. Foe and V. de Vlaming. 1998. Sources and Concentrations
of Diazinon in the Sacramento Watershed During the 1994 Orchard
Dormant Spray Season. Central Valley Regional Water Quality Control
Board. Draft, June 1998.

1; Bear and Butte
Crks

Colusa Drain

Molinate

Newhart, K. and K. Bennett. 1999. Information on Rice 2; Pesticides-
Submitted to the California Regional Water Quality Control Board.
California Environmental Protection Agency, Department of Pesticide
Regulation. Environmental Monitoring and Pest Management Branch.
nvironmental Hazards Assessment Program. December 31, 1999.

1; Bear and Butte
Crks

Colusa Drain

Molinate

Newhart, K., D. Jones, and S. Ceesay. 2000. Information on Rice 2;
Pesticides-Submitted to the California Regional Water Quality Control
Board. California Environmental Protection Agency, Department of
Pesticide Regulation. Environmental Monitoring and Pest Management
Branch. Environmental Hazards Assessment Program. December 31, 2000.

1; Bear and Butte
Crks

Colusa Drain

Diazinon

CDPR. 2001. Surface Water Database. Access formatted database, using
the parameters of Colusa Drain and diazinon.

1; Disk 1

Colusa Drain

Diazinon

Dileanis, P., J. Domagalski, and K.P. Bennett. 2001. Occurrence and
Transport of Diazinon in the Sacramento River and its Tributaries During
Three Winter Storms, January-February 2000. U.S. Geological Survey
Water Resources Investigations Report, Draft. Sacramento, CA

1; Bear and Butte
Crks

Colusa Drain

[Diazinon

Domagalski, J.L. 2000. Pesticide Monitoring in the Sacramento River
Basin for the USGS National Water Quality Assessment Program. Report

in prep. USGS. As presented in CDPR, 2000a.

1; Disk 1




Waterbody Pollutant [Sources Location: Folder
#; Tab Title
Del Puerto Crk  [Chlorpyrif{Fact Sheet
0s _ 2; Pesticides
Del Puerto Crk  [ChlorpyrifiCDPR. 2001. Surface Water Database. Access formatted database, using
0s the parameters of Del Puerto Crk and chlorpyrifos 1; Disk 1
Del Puerto Crk  {ChlorpyrifiFoe, C. 1995. Insecticide Concentrations and Invertebrate Bioassay
os Movrtality in Agricultural Return Water from the San Joaquin Basin. Central
Valley Regional Water Quality Control Board. Sacramento, CA December
1995. 2, Pesticides
Del Puerto Crk  |Chlorpyrif|Fujimura, R. 1991a. Chemical and Toxicity Test Results from the San
0s Joaquin River at Three Sites from July 2 to September 13, 1991.
Memorandum to Lisa Ross, Department of Pesticide Regulation.
Sacramento, CA. November 6, 1991. As presented in CDPR, 2000a. 1; Disk 1
Del Puerto Crk  |Chlorpyrif|Fujimura, R. 1991b. Chemical and Toxicity Test Results from the San
0s Voaquin River and Tributaries During March 4 to April 26, 1991.
Memorandum to Lisa Ross, Department of Pesticide Regulation.
Sacramento, CA. November 6, 1991. As presented in CDPR, 2000a. 1; Disk 1
Del Puerto Crk  [Chlorpyrif{Fujimura, R. 1993a. Chemical Analyses and Bioassay Test Results for
0s \Samples Collected from December 29 to February 25,, 1993. Memorandum
to Brian Finlayson, Pesticide Investigations Unit, California Department of
Fish and Game. Rancho Cordova, CA. March 26, 1993. As presented in
CDPR, 2000a. 1; Disk 1
Del Puerto Crk  |Chlorpyrif[Fujimura, R. 1993b. Chemical Analyses and Bioassay Test Results for
0s Samples Collected from July 9 to September 9, 1992. Memorandum to
Brian Finlayson, Pesticide Investigations Unit, California Department of Fish
and Game. Rancho Cordova, CA. March 23, 1993. As presented in
CDPR, 2000a. 1; Disk 1
Del Puerto Crk  |Chlorpyrif|Fujimura, R. 1993c. Chemical Analyses and Bioassay Test Results for
0s Samples Collected from March 16 to April 30, 1992. Memorandum to Brian
Finlayson, Pesticide Investigations Unit, California Department of Fish and
Game. Rancho Cordova, CA. March 22, 1993. As presented in CDPR,
2000a. 1; Disk 1
Del Puerto Crk  |Chlorpyrif{Fujimura, R. 1993d. Chemical Analyses and Bioassay Test Results for
0s Samples Collected from December 23, 1991 to February 27, 1992.
Memorandum to Brian Finlayson, Pesticide Investigations Unit, California
Department of Fish and Game. Rancho Cordova, CA. February 23, 1993.
As presented in CDPR, 2000a. 1; Disk 1
Del Puerto Crk  [Chlorpyrif|Ross, L. 1992. Preliminary Results of the San Joaquin River Study;
0s Summer, 1991. Memorandum to Kean Goh. Environmental Hazards
Assessment Program, Environmental Monitoring and Pest Management
Branch. California Department of Pesticide Regulation. Sacramento, CA.
May 21, 1992. As presented in CDPR, 2000a. 1; Disk 1
Del Puerto Crk  [Chlorpyrif]Ross, L. 1993. Preliminary Results of the San Joaquin River Study;
0s Summer, 1992. Memorandum to Kean Goh. Environmental Hazards
Assessment Program, Environmental Monitoring and Pest Management
Branch. California Department of Pesticide Regulation. Sacramento, CA.
September 22, 1993. As presented in CDPR, 2000a. 1;Disk 1




Waterbody

Pollutant

Sources

Location: Folder
#; Tab Title

Del Puerto Crk

Chlorpyrif
0s

Ross, L., I. Stein, J. Hsu, J. White, and K. Hefner. 1996. Distribution and
Mass Loading of Insecticides in the San Joaquin River, California: Winter
1991-92 and 1992-93. Environmental Hazards Assessment Program,
Environmental Monitoring and Pest Management Branch. California
Department of Pesticide Regulation. Sacramento, CA. Report EH 96-02.
November, 1996. As presented in CDPR, 2000a.

1; Disk 1

Del Puerto Crk

Chlorpyrif
0s

Ross, L., I. Stein, J. Hsu, J. White, and K. Hefner. 1999. Distribution and
Mass Loading of Insecticides in the San Joaquin River, California: Spring
1991 and 1992. Environmental Hazards Assessment Program,
Environmental Monitoring and Pest Management Branch. California
Department of Pesticide Regulation. Sacramento, CA. Report EH 99-01.
April, 1999. As presented in CDPR, 2000a.

1; Disk 1

Del Puerto Crk

Diazinon

Fact Sheet

2; Pesticides

Del Puerto Crk

Diazinon

CDPR. 2001. Surface Water Database. Access formatted database, using
the parameters of Del Puertro Creek and diazinon.

1; Disk 1

Del Puerto Crk

Diazinon

Foe, C. 1995. Insecticide Concentrations and Invertebrate Bioassay
Mortality in Agricultural Return Water from the San Joaquin Basin. Central

Valley Regional Water Quality Control Board. Sacramento, CA December

11995.

2; Pesticides

Del Puerto Crk

Diazinon

Fujimura, R. 1991a. Chemical and Toxicity Test Results from the San
Joaquin River at Three Sites from July 2 to September 13, 1991.
Memorandum to Lisa Ross, Department of Pesticide Regulation.
Sacramento, CA. November 6, 1991. As presented in CDPR, 2000a.

1;Disk 1

Pel Puerto Crk

Diazinon

Fujimura, R. 1991b. Chemical and Toxicity Test Results from the San
Joaquin River and Tributaries During March 4 to April 26, 1991.
Memorandum to Lisa Ross, Department of Pesticide Regulation.
Sacramento, CA. November 6, 1991. As presented in CDPR, 2000a.

1; Disk 1

Del Puerto Crk

Diazinon

Fujimura, R. 1993a. Chemical Analyses and Bioassay Test Results for
Samples Collected from December 29 to February 25,, 1993. Memorandum
to Brian Finlayson, Pesticide Investigations Unit, California Department of
Fish and Game. Rancho Cordova, CA. March 26, 1993. As presented in
CDPR, 2000a.

1; Disk 1

IDel Puerto Crk

Diazinon

Fujimura, R. 1993b. Chemical Analyses and Bioassay Test Results for
Samples Collected from July 9 to September 9, 1992. Memorandum to
Brian Finlayson, Pesticide Investigations Unit, California Department of Fish
and Game. Rancho Cordova, CA. March 23, 1993. As presented in
CDPR, 2000a. :

1: Disk 1

Del Puerto Crk

Diazinon

Fujimura, R. 1993c. Chemical Analyses and Bioassay Test Results for
Samples Collected from March 16 to April 30, 1992. Memorandum to Brian
Finlayson, Pesticide Investigations Unit, California Department of Fish and
Game. Rancho Cordova, CA. March 22, 1993. As presented in CDPR,
2000a.

1; Disk 1

Del Puerto Crk

Diazinon

Fujimura, R. 1993d. Chemical Analyses and Bioassay Test Results for
Samples Collected from December 23, 1991 to February 27, 1992.
Memorandum to Brian Finlayson, Pesticide Investigations Unit, California
Department of Fish and Game. Rancho Cordova, CA. February 23, 1993.
As presented in CDPR, 2000a. .

1; Disk 1

Del Puerto Crk

Diazinon

[Ross, L. 1992. Preliminary Results of the San Joaquin River Study;
Summer, 1991. Memorandum to Kean Goh. Environmental Hazards
Assessment Program, Environmental Monitoring and Pest Management
Branch. California Department of Pesticide Regulation. Sacramento, CA.
May 21, 1992,

1; Disk 1




Waterbody

Pollutant

Sources

Location: Folder
#; Tab Title

Del Puerto Crk

Diazinon

Ross, L. 1993. Preliminary Results of the San Joaquin River Study;
Summer, 1992. Memorandum to Kean Goh. Environmental Hazards
Assessment Program, Environmental Monitoring and Pest Management
Branch. California Department of Pesticide Regulation. Sacramento, CA.
September 22, 1993.

1; Disk 1

Del Puerto Crk

Diazinon

Ross, L., J. Stein, J. Hsu, J. White, and K. Hefner. 1996. Distribution and
Mass Loading of Insecticides in the San Joaquin River, California: Winter
1991-92 and 1992-93. Environmental Hazards Assessment Program,
Environmental Monitoring and Pest Management Branch. California
Department of Pesticide Regulation. Sacramento, CA. Report EH 96-02.
November, 1996. '

1; Disk 1

Del Puerto Crk

Diazinon

Ross, L., J. Stein, J. Hsu, J. White, and K. Hefner. 1999. Distribution and
Mass Loading of Insecticides in the San Joaquin River, California: Spring
1991 and 1992. Environmental Hazards Assessment Program,
Environmental Monitoring and Pest Management Branch. California
Department of Pesticide Regulation. Sacramento, CA. Report EH 99-01.
April, 1999.

1; Disk 1

Don Pedro Lake

Mercury

[Fact Sheet

1; Don Pedro
Lake

Don Pedro Lake

Mercury

DWR (California Department of Water Resources). 1993. Dams within
Jurisdiction of the State of California. DWR Bulletin 17, as presented by the
Berkeley Digital Library Project. Accessed on August 23, 2001
(http://elib.cs.berkeley.edu/dams/about.html).

1; Don Pedro
Lake

Don Pedro Lake

Mercury

OMR. 2000. California’s Abandoned Mines — A Report on the Magnitude
and Scope of the Issue in the State. California Department of Conservation,
Office of Mine Reclamation, Abandoned Mine Lands Unit (OMR).

1; Don Pedro
Lake

Don Pedro Lake

Mercury

http://www.consrv.ca.gov/omr/AMLU/amlurpt/Sacramento, CA. June 2000.
SWRCB (State Water Resources Control Board, Division of Water Quality).
1995. Toxic Substances Monitoring Program: Freshwater Bioaccumulation
Monitoring Program: Data Base (Metals_Wet).

1; Disk 1

Five Mile Slough

Dissolved
Oxygen

Fact Sheet

2: Low DO

Five Mile Slough

Dissolved
Oxygen

Lee G.F. Dissolved Oxygen Depletion in the Stockton Sloughs. August
2000. (Prepared for DeltaKeeper)

2; Low DO

Five Mile Slough

Dissolved
Oxygen

Lee, G.F. and A. Jones-Lee. 2001b. Review of the City of Stockton
Urban Stormwater Runoff Aquatic Life Toxicity Studies Conducted by the
Central Valley Regional Water Quality Control Board, DeltaKeeper, and
the University of California, Davis, Aquatic Toxicology Laboratory
between 1994 and 1999. Final Report. November 2001. G. Fred Lee &
Associates. El Macero, CA. (Prepared for DeltaKeeper).

2; Smith Canal

Five Mile Slough

Pathogens

Fact Sheet

1; Bacteria

Five Mile Slough

Pathogens

Jennings, B. 2001. Letter from Bill Jennings (DeltaKeeper A Project of San
Francisco BayKeeper) to Mr. Jerry Bruns and Mr. Joe Karkoski (California
Regional Water Quality Control Board, Central Valley Region) dated May
14, 2001, regarding DeltaKeeper comments on section 303(d) list update.

1; Bacteria

Ingram/ Hospital
Crk

Chlorpyrif
0s

Fact Sheet

2; Pesticides

Ingram/ Hospital
Crk

Chlorpyrif

[6)

CDPR. 2001. Surface Water Database. Access formatted database, using

the parameters of Ingram/Hospital Creek and chlorpyrifos.

1; Disk 1




‘

Waterbody

Pollutant

Sources

Location: Folder
#; Tab Title

Ingram/ Hospital
Crk

Chlorpyrif
0S '

Foe, C. 1995. Insecticide Concentrations and Invertebrate Bioassay
Mortality in Agricultural Return Water from the San Joaquin Basin. Central
Valley Regional Water Quality Control Board. Sacramento, CA December
1995.

2; Pesticides

Ingram/ Hospital
Crk

Chlorpyrif
0s

Fujimura, R. 1991a. Chemical and Toxicity Test Results from the San
Joaquin River at Three Sites from July 2 to September 13, 1991.
Memorandum to Lisa Ross, Department of Pesticide Regulation.
Sacramento, CA. November 6, 1991. As presented in CDPR, 2000a.

1; Disk 1

Ingram/ Hospital
Crk

Chlorpyrif
08

Fujimura, R. 1991b. Chemical and Toxicity Test Results from the San
Joaquin River and Tributaries During March 4 to April 26, 1991.
Memorandum to Lisa Ross, Department of Pesticide Regulation.
Sacramento, CA. November 6, 1991. As presented in CDPR, 2000a.

1; Disk 1

Ingram/ Hospital
Crk

Chlorpyrif
08

Fujimura, R. 1993a. Chemical Analyses and Bioassay Test Results for
Samples Collected from December 29 to February 25,, 1993. Memorandum
to Brian Finlayson, Pesticide Investigations Unit, California Department of
Fish and Game. Rancho Cordova, CA. March 26, 1993. As presented in
CDPR, 2000a.

1; Disk 1

Ingram/ Hospital
Crk

Chlorpyrif
08

Fujimura, R. 1993b. Chemical Analyses and Bioassay Test Results for
Samples Collected from July 9 to September 9, 1992. Memorandum to
Brian Finlayson, Pesticide Investigations Unit, California Department of Fish
and Game. Rancho Cordova, CA. March 23, 1993. As presented in
CDPR, 2000a.

1; Disk 1

Ingram/ Hospital
Crk

Chlorpyrif
058

[Fujimura, R. 1993c. Chemical Analyses and Bioassay Test Results for
Samples Collected from March 16 1o April 30, 1992. Memorandum to Brian
Finlayson, Pesticide Investigations Unit, California Department of Fish and
Game. Rancho Cordova, CA. March 22, 1993. As presented in CDPR,
2000a.

1; Disk 1

Ingram/ Hospital
Crk

Chlorpyrif
0s

Fujimura, R. 1993d. Chemical Analyses and Bioassay Test Results for
Samples Collected from December 23, 1991 to February 27, 1992.
Memorandum to Brian Finlayson, Pesticide Investigations Unit, California
[Department of Fish and Game. Rancho Cordova, CA. February 23, 1993.
As presented in CDPR, 2000a.

1; Disk 1

Ingram/ Hospital
Crk

Chlorpyrif
0s

Ross, L. 1992. Preliminary Results of the San Joaquin River Study;
Summer, 1991. Memorandum to Kean Goh. Environmental Hazards
Assessment Program, Environmental Monitoring and Pest Management
Branch. California Department of Pesticide Regulation. Sacramento, CA.
May 21, 1992.

1; Disk 1

Crk

Ingram/ Hospital

Chlorpyrif
0s

IRoss, L. 1993. Preliminary Results of the San Joaquin River Study;
Summer, 1992. Memorandum to Kean Goh. Environmental Hazards
Assessment Program, Environmental Monitoring and Pest Management
Branch. California Department of Pesticide Regulation. Sacramento, CA.
September 22, 1993.

1; Disk 1

Ingram/ Hospital
Crk

Chlorpyrif
0s

Ross, L., J. Stein, J. Hsu, J. White, and K. Hefner. 1996. Distribution and
Mass Loading of Insecticides in the San Joaquin River, California: Winter
1991-92 and 1992-93. Environmental Hazards Assessment Program,
Environmental Monitoring and Pest Management Branch. California
[Department of Pesticide Regulation. Sacramento, CA. Report EH 96-02.
November, 1996.

1; Disk 1

Ingram/ Hospital
Crk

Chlorpyrif
0s

Ross, L., J. Stein, J. Hsu, J. White, and K. Hefner. 1999. Distribution and
Mass Loading of Insecticides in the San Joaquin River, California: Spring
1991 and 1992. Environmental Hazards Assessment Program,
Environmental Monitoring and Pest Management Branch. California
Department of Pesticide Regulation. Sacramento, CA. Report EH 99-01.

April, 1999. As presented in CDPR, 2000a.

1; Disk 1




Waterbody Pollutant [Sources Location: Folder
#; Tab Title

Ingram/ Hospital |[Diazinon [Fact Sheet
Crk 2; Pesticides
Ingram/ Hospital [Diazinon |CDPR. 2001. Surface Water Database. Access formatted database, using
Crk the parameters of Ingram/Hospital Creek and diazinon 1; Disk 1
Ingram/ Hospital |[Diazinon [Foe, C. 1995. Insecticide Concentrations and Invertebrate Bioassay
Crk Mortality in Agricultural Return Water from the San Joaquin Basin. Central

Valley Regional Water Quality Control Board. Sacramento, CA December

1995. 2; Pesticides
Ingram/ Hospital |[Diazinon [Fujimura, R. 1991a. Chemical and Toxicity Test Results from the San
Crk Joaquin River at Three Sites from July 2 to September 13, 1991.

Memorandum to Lisa Ross, Department of Pesticide Regulation.

Sacramento, CA. November 6, 1991. As presented in CDPR, 2000a. 1; Disk 1
Ingram/ Hospital [Diazinon [Fujimura, R. 1991b. Chemical and Toxicity Test Results from the San
Crk Uoaquin River and Tributaries During March 4 to April 26, 1991.

Memorandum to Lisa Ross, Department of Pesticide Regulation.

Sacramento, CA. November 6, 1991. As presented in CDPR, 2000a. 1; Disk 1
Ingram/ Hospital [Diazinon [Fujimura, R. 1993a. Chemical Analyses and Bioassay Test Results for
Crk Samples Collected from December 29 to February 25,, 1993. Memorandum

to Brian Finlayson, Pesticide Investigations Unit, California Department of

Fish and Game. Rancho Cordova, CA. March 26, 1993. As presented in

CDPR, 2000a. 1; Disk 1
Ingram/ Hospital [Diazinon [Fujimura, R. 1993b. Chemical Analyses and Bioassay Test Results for
Crk Samples Collected from July 9 1o September 9, 1992. Memorandum to

Brian Finlayson, Pesticide Investigations Unit, California Department of Fish

and Game. Rancho Cordova, CA. March 23, 1993. As presented in

CDPR, 2000a. 1; Disk 1
Ingram/ Hospital [Diazinon [Fujimura, R. 1993c. Chemical Analyses and Bioassay Test Results for
Crk Samples Collected from March 16 to April 30, 1992. Memorandum to Brian

Finlayson, Pesticide Investigations Unit, California Department of Fish and

Game. Rancho Cordova, CA. March 22, 1993. As presented in CDPR,

2000a. 1; Disk 1
Ingram/ Hospital [Diazinon [Fujimura, R. 1993d. Chemical Analyses and Bioassay Test Results for
Crk Samples Collected from December 23, 1991 1o February 27, 1992.

Memorandum to Brian Finlayson, Pesticide Investigations Unit, California

IDepartment of Fish and Game. Rancho Cordova, CA. February 23, 1993.

As presented in CDPR, 2000a. 1; Disk 1
Ingram/ Hospital |{Diazinon [Ross, L. 1992. Preliminary Results of the San Joaquin River Study;
Crk : Summer, 1991. Memorandum to Kean Goh. Environmental Hazards

Assessment Program, Environmental Monitoring and Pest Management

Branch. California Department of Pesticide Regulation. Sacramento, CA.

May 21, 1992. As presented in CDPR, 2000a. 1; Disk 1
Ingram/ Hospital {Diazinon [Ross, L. 1993. Preliminary Results of the San Joaquin River Study;
Crk Summer, 1992. Memorandum to Kean Goh. Environmental Hazards

Assessment Program, Environmental Monitoring and Pest Management

Branch. California Department of Pesticide Regulation. Sacramento, CA.

September 22, 1993. As presented in CDPR, 2000a. 1; Disk 1
Ingram/ Hospital [Diazinon [Ross, L., J. Stein, J. Hsu, J. White, and K. Hefner. 1996. Distribution and
Crk Mass Loading of Insecticides in the San Joaquin River, California: Winter

1991-92 and 1992-93. Environmental Hazards Assessment Program,

[Environmental Monitoring and Pest Management Branch. California

Department of Pesticide Regulation. Sacramento, CA. Report EH 96-02.

November, 1996. As presented in CDPR, 2000a. 1; Disk 1




Three County Environmental Health Agencies Issue Interim Public Health
Notification on Mercury in Fish.

(http://www.co.nevada.ca.us/ehealth/hg/press_release_10-03-00.htm)

Waterbody Pollutant [Sources 1.ocation: Folder
#; Tab Title
Ingram/ Hospital [Diazinon [Ross, L., J. Stein, J. Hsu, J. White, and K. Hefner. 1999. Distribution and
Crk Mass Loading of Insecticides in the San Joaquin River, California: Spring
1991 and 1992. Environmental Hazards Assessment Program,
Environmental Monitoring and Pest Management Branch. California
Department of Pesticide Regulation. Sacramento, CA. Report EH 99-01.
April, 1999. As presented in CDPR, 2000a. 1; Disk 1
Jack SlOUgh Diazinon |Fact Sheet 1; Bear and Butte
Crks
Jack Slough Diazinon |[CDPR. 2001. Surface Water Database. Access formatted database, using
the parameters of Jack Slough and diazinon 1; Disk 1
Jack Slough Diazinon [Dileanis, P.D., J.L. Domagalski, and K.P. Bennett. 2000. Occurrence and
Transport of Diazinon in the Sacramento River and its Tributaries During
Three Winter Storms, January-February 2000. Water-Resources 1; Bear and Butte
Investigations Draft Report. U.S. Geological Survey. Sacramento, CA. Crks
Jack Slough Diazinon {Holmes, R.2001. Personal Communication with C. Spector. CVRWQCB. |1; Bear and Butte
August 28, 2001. Crks
Jack Slough Diazinon [Holmes, R., C. Foe, and V. de Vlaming. 2000. Sources and Concentrations
of Diazinon in the Sacramento Watershed During the 1994 Orchard
Dormant Spray Season. California Regional Water Quality Control Board — [1; Bear and Butte
Central Valley Region. Sacramento, CA. (CDPR and hard copy) Crks
Lake Combie  |Mercury ([Fact Sheet
2, HU:516 & 517
Lake Combie Mercury |Alpers, C.N., M.P. Hunerlach. 2000. Mercury Contamination from Historic |2; HU:516 & 517
: Gold Mining in California. U.S. Geological Survey. Fact Sheet FS-061-00.
May 2000.
Lake Combie Mercury [May, J.T., R.L. Hothem, C.N. Alpers, M.A. Law. 2000. Mercury 2; HU:516 & 517
Bioaccumulation in Fish in a Region Affected by Historic Gold Mining: The
South Yuba River, Deer Creek, and Bear River Watersheds, California, 1999.
U.S. Geological Survey. Sacramento, CA. 2000.
Lake Combie Mercury [Montoya, B. and X. Pan. 1992. Inactive Mine Drainage in the Sacramento  2; HU:516 & 517
Valley, California. California Regional Water Quality Control Board, Central
Valley Region Report. July 1992.
Lake Combie Mercury [Nevada County, Department of Environmental Health. 2000. Press Release, 2; HU:516 & 517
Three County Environmental Health Agencies Issue Interim Public Health
\Notification on Mercury in Fish.
(http://www.co.nevada.ca.us/ehealth/hg/press_release_10-03-00.htm)
Lake Englebright [Mercury [Fact Sheet . 2; HU:516 & 517
Lake Englebright [Mercury |Alpers, C.N., M.P. Hunerlach. 2000. Mercury Contamination from Historic |2; HU:516 & 517
Gold Mining in California. U.S. Geological Survey. Fact Sheet FS-061-00.
May 2000.
Lake Englebright Mercury {May, J.T., R.L. Hothem, C.N. Alpers, M.A. Law. 2000. Mercury 2; HU:516 & 517
Bioaccumulation in Fish in a Region Affected by Historic Gold Mining: The
\South Yuba River, Deer Creek, and Bear River Watersheds, California, 1999.
U.S. Geological Survey. Sacramento, CA. 2000.
Lake Englebright [Mercury [Montoya, B. and X. Pan. 1992. Inactive Mine Drainage in the Sacramento 2, HU:516 & 517
Valley, California. California Regional Water Quality Control Board, Central
Valley Region Report. July 1992,
Lake Englebright [Mercury [Nevada County, Department of Environmental Health. 2000. Press Release,|2; HU:516 & 517




Water Quality Control Board-Central Valley Region. SCH EIR No.

95103036. May 1996.

'Waterbody Pollutant [Sources Location: Folder
#; Tab Title
ILake Englebright [Mercury |[Slotton, D.G., S.M. Ayers, J.E. Reuter, C.R. Goldman. 1996. Gold Mining (2; HU:516 & 517
Impacts on Food Chain Mercury in Northwestern Sierra Nevada Streams
(1996 Revision). Division of Environmental Studies, University of
California, Davis. December 1996.
Little Deer Creek [Mercury [Fact Sheet 2; HU:516 & 517
Little Deer Creek [Mercury |Alpers, C.N., M.P. Hunerlach. 2000. Mercury Contamination from Historic 2; HU:516 & 517
Gold Mining in California. U.S. Geological Survey. Fact Sheet FS-061-00.
May 2000.
Little Deer Creek [Mercury. [May, I.T., R.L. Hothem, C.N. Alpers, M.A. Law. 2000. Mercury 2;: HU:516 & 517
Bioaccumulation in Fish in a Region Affected by Historic Gold Mining: The
South Yuba River, Deer Creek, and Bear River Watersheds, California, 1999.
U.S. Geological Survey. Sacramento, CA. 2000.
Little Deer Creek [Mercury [Montoya, B. and X. Pan. 1992. Inactive Mine Drainage in the Sacramento  |2; HU:516 & 517
Valley, California. California Regional Water Quality Control Board, Central
Valley Region Report. July 1992,
Little Deer Creek [Mercury [Nevada County, Department of Environmental Health. 2000. Press Release,|2; HU:516 & 517
Three County Environmental Health Agencies Issue Interim Public Health
\WNotification on Mercury in Fish.
(http://www.co.nevada.ca.us/ehealth/hg/press_release_10-03-00.htm)
Little Deer Creek [Mercury [Slotton, D.G., S.M. Ayers, J.E. Reuter, C.R. Goldman. 1996. Gold Mining |2; HU:516 & 517
Impacts on Food Chain Mercury in Northwestern Sierra Nevada Streams
(1996 Revision). Division of Environmental Studies, University of
California, Davis. December 1996.
Mokelumne Aluminu |Fact Sheet
River, Lower m 1; Camanche Res
Mokelumne Aluminu [Buer, S.M., S.R. Phillippe, and T.R. Pinkos. 1979. Inventory and Assessment]l; Camanche Res
River, Lower m of Water Quality Problems related to Abandoned and Inactive Mines in the
Central Valley Region of California. CRWQCB-CVR (California Regional
Water Quality Control Board, Central Valley Region), Report.
Mokelumne Aluminu |CDFG (California Department of Fish and Game). 1991. Lower Mokelumne |1; Camanche Res
River, Lower m River Fisheries Plan. The Resources Agency, Department of Fish and Game,
Stream flow Requirements Program. November 1991.
Mokelumne Aluminu [CH2MHILL. 2000a. Closure Report: Penn Mine Environmental Restoration |1; Camanche Res
River, Lower m Project. Prepared for: East Bay Municipal Utility District and Regional
Water Quality Control Board-Central Valley Region. Oakland, California.
December 2000.
Mokelumne Aluminu |[CH2MHILL. 2000b. (Draft) Post-Restoration Final Effectiveness Report: 1; Camanche Res
River, Lower m Penn Mine Environmental Restoration Project. Prepared for: East Bay
Municipal Utility District and Regional Water Quality Control Board-Central
Valley Region. Oakland, California. September 2000.
Mokelumne Aluminu |[EBMUD (East Bay Municipal Utility District). 2000. All About EBMUD. |1; Camanche Res
River, Lower m EBMUD Public Affairs Office publication.
Available: http://www.ebmud.com/pubs/annual/allaboutebmud_2000.pdf.
Accessed: August 2, 2001.
Mokelumne Aluminu [{EDAW, Inc. 1992. Draft EIS/EIR for the Updated Water Supply 1; Camanche Res
River, Lower m Management Program, Volume Iil, Technical Appendices Bl and B2.
Prepared for: East Bay Municipal Utility District. Oakland, California.
December 1992.
Mokelumne Aluminu [SCH EIR. 1996. Draft EIR for The Penn Mine Site, Long-Term Solution 1; Camanche Res
River, Lower m Project. Prepared for: East Bay Municipal Utility District and Regional




Waterbody Pollutant [Sources Location: Folder
#; Tab Title
Mokelumne Aluminu [SWRCB (State Water Resources Control Board). 1990. Water Quality |1; Camanche Res
River, Lower m Problems Associated with Operation of Pardee and Camanche
Reservoir. State Water Resources Control Board, Division of Water
Quality staff report.
Mokelumne Aluminu {USFWS (U.S. Fish & Wildlife Service). 1992. Before the State Water  |1; Camanche Res
River, Lower m Resources Control: In the Matter of the Water Rights Hearing for the
Lower Mokelumne River — Closing Statement, Enclosure 2 (EBMUD
Data — Aluminum, Cadmium, Zinc, Iron and Zinc). Prepared by J.W.
Burke, III (Regional Solicitor, USFWS Pacific Southwest Region) and
Lynn Cox (Assistant Regional Solicitor, USFWS Pacific Southwest
Region).
Mokelumne Aluminu |USGS (U.S. Geological Survey). 1976. Lodi North, California. 7.5’ 1; Camanche Res
River, Lower m Topographic Quadrangles, as presented by TopoZone.com (© 2000 Maps a
la carte, Inc.). Accessed on August 6, 2001
(http://www.topozone.com/default.asp).
Mormon Slough [Dissolved [Fact Sheet
Oxygen 2; Low DO
Mormon Slough |Dissolved {Lee G.F. Dissolved Oxygen Depletion in the Stockton Sloughs. August
Oxygen [2000. (Prepared for DeltaKeeper) 2: Low DO
Mormon Slough |Dissolved [Lee, G.F. and A. Jones-Lee. 2001b. Review of the City of Stockton
Oxygen |Urban Stormwater Runoff Aquatic Life Toxicity Studies Conducted by the
Central Valley Regional Water Quality Control Board, DeltaKeeper, and
the University of California, Davis, Aquatic Toxicology Laboratory
between 1994 and 1999. Final Report. November 2001. G. Fred Lee &
Associates. El Macero, CA. (Prepared for DeltaKeeper). 2: Smith Canal
Mormon Slough [Pathogens [Fact Sheet
1; Bacteria
Mormon Slough [Pathogens [Jennings, B. 2001. Letter from Bill Jennings (DeltaKeeper A Project of San
Francisco BayKeeper) to Mr. Jerry Bruns and Mr. Joe Karkoski (California
Regional Water Quality Control Board, Central Valley Region) dated May
14, 2001, regarding DeltaKeeper comments on section 303(d) list update. 1; Bacteria
Mosher Slough  |Dissolved [Fact Sheet
Oxygen 2; Low DO
Mosher Slough  [Dissolved [Lee G.F. Dissolved Oxygen Depletion in the Stockton Sloughs. August
Oxygen [2000. (Prepared for DeltaKeeper) 2: Low DO
Mosher Slough  |Dissolved [Lee, G.F. and A. Jones-Lee. 2001b. Review of the City of Stockton
Oxygen |Urban Stormwater Runoff Aquatic Life Toxicity Studies Conducted by the
Central Valley Regional Water Quality Control Board, DeltaKeeper, and
the University of California, Davis, Aquatic Toxicology Laboratory
between 1994 and 1999. Final Report. November 2001. G. Fred Lee &
Associates. El Macero, CA. (Prepared for DeltaKeeper). 2; Smith Canal
Mosher Slough  [Pathogens [Fact Sheet
1; Bacteria
Mosher Slough  {Pathogens [Jennings, B. 2001. Letter from Bill Jennings (DeltaKeeper A Project of San
Francisco BayKeeper) to Mr. Jerry Bruns and Mr. Joe Karkoski (California
Regional Water Quality Control Board, Central Valley Region) dated May
14, 2001, regarding DeltaKeeper comments on section 303(d) list update. 1; Bacteria
Newman Chlorpyrif|Fact Sheet
Wasteway 0s 2; Pesticides
Newman Chlorpyrif|/CDPR. 2001. Surface Water Database. Access formatted database, using
Wasteway 0s the parameters of Newman Wasteway and chlorpyrifos 1; Disk 1




. Waterbody

Pollutant

Sources

Location: Folder
#; Tab Title

Newman
Wasteway

|Chlorpyrif

0S

Foe, C. 1995. Insecticide Concentrations and Invertebrate Bioassay
Mortality in Agricultural Return Water from the San Joaquin Basin. Central
Valley Regional Water Quality Control Board. Sacramento, CA December
1995.

2; Pesticides

Newman
‘Wasteway

Chlorpyrif
0s

Fujimura, R. 1991a. Chemical and Toxicity Test Results from the San
Joaquin River at Three Sites from July 2 to September 13, 1991.
Memorandum to Lisa Ross, Department of Pesticide Regulation.
Sacramento, CA. November 6, 1991. As presented in CDPR, 2000a.

1; Disk 1

Newman
Wasteway

Chlorpyrif
08

Fujimura, R. 1991b. Chemical and Toxicity Test Results from the San
Joaquin River and Tributaries During March 4 to April 26, 1991.
Memorandum to Lisa Ross, Department of Pesticide Regulation.
Sacramento, CA. November 6, 1991. As presented in CDPR, 2000a.

1; Disk 1

Newman
Wasteway

Chlorpyrif
08

Fujimura, R. 1993a. Chemical Analyses and Bioassay Test Results for
Samples Collected from December 29 to February 25,, 1993. Memorandum
to Brian Finlayson, Pesticide Investigations Unit, California Department of

Fish and Game. Rancho Cordova, CA. March 26, 1993. As presented in

" [CDPR, 2000a.

1; Disk 1

Newman
'Wasteway

Chlorpyrif
0s

Fujimura, R. 1993b. Chemical Analyses and Bioassay Test Results for
Samples Collected from July 9 to September 9, 1992. Memorandum to
Brian Finlayson, Pesticide Investigations Unit, California Department of Fish
and Game. Rancho Cordova, CA. March 23, 1993. As presented in
CDPR, 2000a.

1;Disk 1

Newman
Wasteway

Chlorpyrif
08

Fujimura, R. 1993c. Chemical Analyses and Bioassay Test Results for
Samples Collected from March 16 to April 30, 1992. Memorandum to Brian
Finlayson, Pesticide Investigations Unit, California Department of Fish and
Game. Rancho Cordova, CA. March 22, 1993. As presented in CDPR,
2000a.

1; Disk 1

Newman
Wasteway

Chiorpyrif
0s

Fujimura, R. 1993d. Chemical Analyses and Bioassay Test Results for
\Samples Collected from December 23, 1991 to February 27, 1992.
Memorandum to Brian Finlayson, Pesticide Investigations Unit, California
Department of Fish and Game. Rancho Cordova, CA. February 23, 1993.
As presented in CDPR, 2000a.

1; Disk 1

Newman
Wasteway

Chlorpyrif
0s

(Ross, L. 1992. Preliminary Results of the San Joaquin River Study;
Summer, 1991. Memorandum to Kean Goh. Environmental Hazards
Assessment Program, Environmental Monitoring and Pest Management
Branch. California Department of Pesticide Regulation. Sacramento, CA.

May 21, 1992. As presented in CDPR, 2000a.

1;Disk 1




.’Waterbody Pollutant [Sources Location: Folder
#; Tab Title
Newman Chlorpyrif|Ross, L. 1993. Preliminary Results of the San Joaquin River Study;
Wasteway os Summer, 1992. Memorandum to Kean Goh. Environmental Hazards
Assessment Program, Environmental Monitoring and Pest Management
Branch. California Department of Pesticide Regulation. Sacramento, CA.
September 22, 1993. As presented in CDPR, 2000a. 1; Disk 1
Newman Chlorpyrif|Ross, L., I. Stein, J. Hsu, J. White, and K. Hefner. 1996. Distribution and
Wasteway 0s Mass Loading of Insecticides in the San Joaquin River, California: Winter
1991-92 and 1992-93. Environmental Hazards Assessment Program,
[Environmental Monitoring and Pest Management Branch. California
Department of Pesticide Regulation. Sacramento, CA. Report EH 96-02.
November, 1996. As presented in CDPR, 2000a. 1; Disk 1
Newman Chlorpyrif|Ross, L., I. Stein, J. Hsu, J. White, and K. Hefner. 1999. Distribution and
Wasteway os Mass Loading of Insecticides in the San Joaquin River, California: Spring
1991 and 1992. Environmental Hazards Assessment Program,
[Environmental Monitoring and Pest Management Branch. California
IDepartment of Pesticide Regulation. Sacramento, CA. Report EH 99-01.
April, 1999. As presented in CDPR, 2000a. 1; Disk 1
Newman Diazinon [Fact Sheet
Wasteway 2; Pesticides
Newman Diazinon |CDPR. 2001. Surface Water Database. Access formatted database, using
Wasteway the parameters of Newman Wasteway and diazinon. 1: Disk 1
Newman Diazinon {Foe, C. 1995. Insecticide Concentrations and Invertebrate Bioassay
Wasteway Mortality in Agricultural Return Water from the San Joaquin Basin. Central
Valley Regional Water Quality Control Board. Sacramento, CA December
'\ 1995. 2; Pesticides
Newman Diazinon [Fujimura, R. 1991a. Chemical and Toxicity Test Results from the San
Wasteway Joaquin River at Three Sites from July 2 to September 13, 1991.
Memorandum to Lisa Ross, Department of Pesticide Regulation.
Sacramento, CA. November 6, 1991. As presented in CDPR, 2000a. 1; Disk 1
Newman Diazinon [Fujimura, R. 1991b. Chemical and Toxicity Test Results from the San
Wasteway Joaquin River and Tributaries During March 4 to April 26, 1991.
Memorandum to Lisa Ross, Department of Pesticide Regulation.
Sacramento, CA. November 6, 1991. As presented in CDPR, 2000a. 1; Disk 1
Newman Diazinon [Fujimura, R. 1993a. Chemical Analyses and Bioassay Test Results for
Wasteway Samples Collected from December 29 to February 25,, 1993. Memorandum
to Brian Finlayson, Pesticide Investigations Unit, California Department of
Fish and Game. Rancho Cordova, CA. March 26, 1993. As presented in
CDPR, 2000a. 1; Disk 1
Newman Diazinon [Fujimura, R. 1993b. Chemical Analyses and Bioassay Test Results for
Wasteway Samples Collected from July 9 to September 9, 1992. Memorandum to
Brian Finlayson, Pesticide Investigations Unit, California Department of Fish
and Game. Rancho Cordova, CA. March 23, 1993. As presented in
CDPR, 2000a. 1; Disk 1
Newman Diazinon [Fujimura, R. 1993c. Chemical Analyses and Bioassay Test Results for
Wasteway Samples Collected from March 16 to April 30, 1992. Memorandum to Brian
Finlayson, Pesticide Investigations Unit, California Department of Fish and
Game. Rancho Cordova, CA. March 22, 1993. As presented in CDPR,
2000a. 1; Disk 1
Newman Diazinon [Fujimura, R. 1993d. Chemical Analyses and Bioassay Test Results for
Wasteway Samples Collected from December 23, 1991 to February 27, 1992.
Memorandum to Brian Finlayson, Pesticide Investigations Unit, California
- Department of Fish and Game. Rancho Cordova, CA. February 23, 1993.
As presented in CDPR, 2000a. 1; Disk 1




Waterbody Pollutant [Sources Location: Folder
#; Tab Title
Newman Diazinon [Ross, L. 1992. Preliminary Results of the San Joaquin River Study;
'Wasteway Summer, 1991. Memorandum to Kean Goh. Environmental Hazards
Assessment Program, Environmental Monitoring and Pest Management
Branch. California Department of Pesticide Regulation. Sacramento, CA.
May 21, 1992. As presented in CDPR, 2000a. 1; Disk 1
Newman Diazinon [Ross, L. 1993. Preliminary Results of the San Joaquin River Study;
Wasteway Summer, 1992. Memorandum to Kean Goh. Environmental Hazards
Assessment Program, Environmental Monitoring and Pest Management
Branch. California Department of Pesticide Regulation. Sacramento, CA.
September 22, 1993. As presented in CDPR, 2000a. 1; Disk 1
Newman Diazinon [Ross, L., J. Stein, J. Hsu, J. White, and K. Hefner. 1996. Distribution and
Wasteway Mass Loading of Insecticides in the San Joaquin River, California: Winter
‘ 1991-92 and 1992-93. Environmental Hazards Assessment Program,
Environmental Monitoring and Pest Management Branch. California
Department of Pesticide Regulation. Sacramento, CA. Report EH 96-02.
November, 1996. As presented in CDPR, 2000a. 1; Disk 1
Newman Diazinon [Ross, L., J. Stein, J. Hsu, J. White, and K. Hefner. 1999. Distribution and
Wasteway Mass Loading of Insecticides in the San Joaquin River, California: Spring
1991 and 1992. Environmental Hazards Assessment Program,
Environmental Monitoring and Pest Management Branch. California
Department of Pesticide Regulation. Sacramento, CA. Report EH 99-01.
, April, 1999. As presented in CDPR, 2000a. 1; Disk 1
Oak Run Creek  |Fecal Fact Sheet
Coliform 1; cow creek
Oak Run Creek  [Fecal Hannaford MJ and North State Institute for Sustainable Communities. 2000.
Coliform [Preliminary Water Quality Assessment of 1; cow creek Tributaries.
Department of Fish and Game. May 15, 2000.
(http://www.delta.dfg.ca.gov/afrp/documents/cowcrk.rpt.pdf). 1; cow creek
Orestimba Creek |Azinphos [Fact Sheet
Methy] 2; Pesticides
Orestimba Creek |Azinphos [CDPR. 2001. Surface Water Database. Access formatted database, using '
Methyl  [the parameters of Orestimba and azinphos methyl 1; Disk 1
Orestimba Creek |Azinphos [Fujimura, R. 1991a. Chemical and Toxicity Test Results from the San
Methyl Joaquin River at Three Sites from July 2 to September 13, 1991.
Memorandum to Lisa Ross, Department of Pesticide Regulation.
Sacramento, CA. November 6, 1991. As presented in CDPR, 2000a. 1; Disk 1
Orestimba Creek [Azinphos [Fujimura, R. 1991b. Chemical and Toxicity Test Results from the San
Methyl  Poaquin River and Tributaries During March 4 to April 26, 1991.
Memorandum to Lisa Ross, Department of Pesticide Regulation.
Sacramento, CA. November 6, 1991. As presented in CDPR, 2000a. 1; Disk 1
Orestimba Creek |Azinphos [Fujimura, R. 1993a. Chemical Analyses and Bioassay Test Results for
Methyl  |Samples Collected from December 29 to February 25,, 1993. Memorandum
to Brian Finlayson, Pesticide Investigations Unit, California Department of
Fish and Game. Rancho Cordova, CA. March 26, 1993. As presented in
CDPR, 2000a. 1; Disk 1
Orestimba Creek [Azinphos [Fujimura, R. 1993b. Chemical Analyses and Bioassay Test Results for
Methyl  (Samples Collected from July 9 to September 9, 1992. Memorandum to

Brian Finlayson, Pesticide Investigations Unit, California Department of Fish

and Game. Rancho Cordova, CA. March 23, 1993. As presented in
CDPR, 2000a.

1; Disk 1




Waterbody

Pollutant

Sources

Location: Folder
#; Tab Title

Orestimba Creek

Azinphos
Methyl

Fujimura, R. 1993c. Chemical Analyses and Bioassay Test Results for
Samples Collected from March 16 to April 30, 1992. Memorandum to Brian
Finlayson, Pesticide Investigations Unit, California Department of Fish and
Game. Rancho Cordova, CA. March 22, 1993. As presented in CDPR,
2000a. '

1; Disk 1

Orestimba Creek

Azinphos
Methyl

Fujimura, R. 1993d. Chemical Analyses and Bioassay Test Results for
Samples Collected from December 23, 1991 to February 27, 1992.
Memorandum to Brian Finlayson, Pesticide Investigations Unit, California
Department of Fish and Game. Rancho Cordova, CA. February 23, 1993.
As presented in CDPR, 2000a.

1; Disk 1

Orestimba Creek

Azinphos
Methyl

Panshin, S.Y., N.M. Dubrovsky, J.M. Gronberg, and J.L. Domagalski. 1998.
Occurrence and Distribution of Dissolved 2; Pesticides in the San Joaquin
River Basin, California. USGS National Water Quality Assessment Program,
Water Resources Investigations report No. 98-4032.

1; Disk 1

Orestimba Creek

Azinphos
Methyl

[Ross, L. 1992. Preliminary Results of the San Joaquin River Study;
Summer, 1991. Memorandum to Kean Goh. Environmental Hazards
Assessment Program, Environmental Monitoring and Pest Management
Branch. California Department of Pesticide Regulation. Sacramento, CA.
May 21, 1992. As presented in CDPR, 2000a.

1; Disk 1

Orestimba Creek

Azinphos
Methy]

Ross, L. 1993. Preliminary Results of the San Joaquin River Study;
Summer, 1992. Memorandum to Kean Goh. Environmental Hazards
Assessment Program, Environmental Monitoring and Pest Management
Branch. California Department of Pesticide Regulation. Sacramento, CA.
September 22, 1993. As presented in CDPR, 2000a.

1; Disk 1

Orestimba Creek

Azinphos
Methyl

Ross, L., J. Stein, J. Hsu, J. White, and K. Hefner. 1996. Distribution and
Mass Loading of Insecticides in the San Joaquin River, California: Winter
1991-92 and 1992-93. Environmental Hazards Assessment Program,
Environmental Monitoring and Pest Management Branch. California
Department of Pesticide Regulation. Sacramento, CA. Report EH 96-02.
November, 1996. As presented in CDPR, 2000a.

1; Disk 1

Orestimba Creek

Azinphos
Methyl

Ross, L., J. Stein, J. Hsu, J. White, and K. Hefner. 1999. Distribution and
Mass Loading of Insecticides in the San Joaquin River, California: Spring
1991 and 1992. Environmental Hazards Assessment Program,
Environmental Monitoring and Pest Management Branch. California
[Department of Pesticide Regulation. Sacramento, CA. Report EH 99-01.
April, 1999. As presented in CDPR, 2000a.

1; Disk 1

Orestimba Creek

DDE

IFact Sheet

2; Pesticides

Orestimba Creek

DDE

CDPR. 2001. Surface Water Database. Access formatted database, using
the parameters of Orestimba and DDE

1; Disk 1

Orestimba Creek

DDE

Panshin, S.Y., N.M. Dubrovsky, J.M. Gronberg, and J.L. Domagalski. 1998.
Occurrence and Distribution of Dissolved 2; Pesticides in the San Joaquin
River Basin, California. USGS National Water Quality Assessment Program,
Water Resources Investigations report No. 98-4032.

1; Disk 1

Putah Creek,
Lower

Mercury

[Fact Sheet

2; Putah Creek

Putah Creek,
Lower

Mercury

Slotton, D.G., S.M. Ayers, J.E. Reuter, C.R. Goldman. 1999. Lower 2;
Putah Creek 1997-1998 Mercury Biological Distribution Study. February
1999. Dept. of Environmental Science and Policy, University of California,
Davis. February 1999.

2; Putah Creek

Putah Creek,
Lower

Mercury

USDHHS- ATSDR, 1998. Fish Sampling in 2; Putah Creek (Phase II),
Laboratory for Energy Related Health Research, Davis, Yolo County
California, Cerclis No. CA2890190000. Agency for Toxic Substance and
Disease Registry. September 1998.

2; Putah Creek




Gold Mining in California. U.S. Geological Survey. Fact Sheet FS-061-00.
May 2000.

Waterbody Pollutant [Sources Location: Folder
#: Tab Title
Putah Creek, Mercury |USDHHS-ATSDR, 1997. Fish Sampling in 2; Putah Creek, 1996, 2; Putah Creek
Lower Laboratory for Energy Related Health Research, Davis, Yolo County
California, Cerclis No. CA2890190000. Agency for Toxic Substance and
Disease Registry (ATSDR). April 1997.
Putah Creek, Unknown [Fact Sheet 2; Putah Creek
Lower Toxicity
Putah Creek, Unknown [Larsen K, M McGraw, V Connor, L Deanovic, T Kimball, and D Hinton. 2; Putah Creek
Lower Toxicity 2000. Cache Creek and 2; Putah Creek Watersheds Toxicity Monitoring
Results: 1998-1999 Final Report. November 2000.
Putah Creek, Unknown [Fact Sheet 2; Putah Creek
Upper Toxicity
Putah Creek, Unknown |Larsen K, M McGraw, V Connor, L Deanovic, T Kimball, and D Hinton. 2; Putah Creek
Upper Toxicity [2000. Cache Creek and 2; Putah Creek Watersheds Toxicity Monitoring
Results: 1998-1999 Final Report. November 2000.
Rollins Reservoir [Mercury [Fact Sheet
2; HU:516 & 517
Rollins Reservoir [Mercury |Alpers, C.N., M.P. Hunerlach. 2000. Mercury Contamination from Historic {2, HU:516 & 517

Rollins Reservoir

Mercury

May, J.T., R.L. Hothem, C.N. Alpers, M.A. Law. 2000. Mercury
Bioaccumulation in Fish in a Region Affected by Historic Gold Mining: The
South Yuba River, Deer Creek, and Bear River Watersheds, California, 1999.
U.S. Geologica!l Survey. Sacramento, CA. 2000.

2; HU:516 & 517

Rollins Reservoir

Mercury

Montoya, B. and X. Pan. 1992. Inactive Mine Drainage in the Sacramento
Valley, California. California Regional Water Quality Control Board, Central
Valley Region Report. July 1992,

2; HU:516 & 517

Rollins Reservoir

Mercury

Nevada County, Department of Environmental Health. 2000. Press Release,
Three County Environmental Health Agencies Issue Interim Public Health
Notification on Mercury in Fish.
(http://www.co.nevada.ca.us/ehealth/hg/press_release_10-03-00.htm)

2; HU:516 & 517

Rollins Reservoir [Mercury [SWRCB-DWQ (State Water Resources Control Board, Division of Water
Quality). 1995. Toxic Substances Monitoring Program: Freshwater
Bioaccumulation Monitoring Program: Data Base (Met_Wet). 1; Disk 1
San Joaquin RiverMercury [Fact Sheet
2; SJR

San Joaquin River

Mercury

Davis, J. A. and M. D. May. 2000. Contaminant Concentrations in Fish from
the Sacramento-San Joaquin Delta and Lower San Joaquin River — 1998.
San Francisco Estuary Institute report. Richmond, California. September
2000.

2; Pesticides

San Joaquin River

Mercury

Slotton, D. G., T.H. Suchanek, and S.M. Ayers. 2000. Delta Wetlands
[Restoration and the Mercury Question: Year 2 Findings of the CALFED UC

May 2000.

[Davis Mercury Study. IEP Newsletter. 13(4): 34-44. 2; SJR
San Joaquin RiverfMercury [SWRCB (State Water Resources Control Board, Division of Water Quality).

1995. Toxic Substances Monitoring Program: Freshwater Bioaccumulation

Monitoring Program: Data Base (Metals_Wet). 1; Disk 1
Scott’s Flat Mercury [Fact Sheet 2; HU:516 & 517
Reservoir
Scott’s Flat Mercury [Alpers, C.N., M.P. Hunerlach. 2000. Mercury Contamination from Historic |2; HU:516 & 517
Reservoir Gold Mining in California. U.S. Geological Survey. Fact Sheet FS-061-00.




Central Valley Regional Water Quality Control Board, DeltaKeeper, and
the University of California, Davis, Aquatic Toxicology Laboratory
between 1994 and 1999. Final Report. November 2001. G. Fred Lee &

Associates. El Macero, CA. (Prepared for DeltaKeeper).

Waterbody Pollutant [Sources Location: Folder
#; Tab Title
Scott’s Flat Mercury [Nevada County, Department of Environmental Health. 2000. Press Release,|2; HU:516 & 517
Reservoir Three County Environmental Health Agencies Issue Interim Public Health
Notification on Mercury in Fish.
(http://www.co.nevada.ca.us/ehealth/hg/press_release_10-03-00.htm)
Scott’s Flat Mercury (Slotton, D.G., S.M. Ayers, J.E. Reuter, C.R. Goldman. 1996. Gold Mining |2; HU:516 & 517
Reservoir Impacts on Food Chain Mercury in Northwestern Sierra Nevada Streams
(1996 Revision). Division of Environmental Studies, University of
California, Davis. December 1996.
Smith Canal Dissolved [Fact Sheet
Oxygen 2; Low DO
Smith Canal Dissolved {CDM (Camp Dresser & McKee Inc). 1999. Assessment of Water Quality  [2; Low DO
Oxygen [Pata from 2; Smith Canal Canal. July 27, 1999. (Appendix B-2 to City of
Stockton & San Joaquin County Storm Water Management Program).
Smith Canal Dissolved {Chen C., and Tsai W. Application of Stockton’s Water Quality Model to 2: Low DO
Oxygen [Evaluate Stormwater Impact on 2; Smith Canal Canal. February 23, 1999.
(Attachment to March 17, 1999 letter from City of Stockton, G. Birdzell)
Smith Canal Dissolved [Lee, G.F. and A. Jones-Lee. 2001b. Review of the City of Stockton 2; Smith Canal
Oxygen |Urban Stormwater Runoff Aquatic Life Toxicity Studies Conducted by the




Waterbody Pollutant [Sources Location: Folder
#; Tab Title
Smith Canal Dissolved [Larsen, K., K.A. Cortright., P.Young, V. Connor, L.A.Deanovic, D.E.  [2; Low DO
Oxygen |Hinton. 1998. Stockton Fish Kills Associated With Urban Storm Runaoff:
The Role of Low Dissolved Oxygen. CRWQCB-CVR. June 1998.
Smith Canal Dissolved [Lee G.F. 2000. Dissolved Oxygen Depletion in the Stockton Sloughs. 2; Low DO
Oxygen [August 2000. (Prepared for DeltaKeeper)
Smith Canal Organo- [Fact Sheet
phosphoru
s
Pesticides : 2; Smith Canal
Smith Canal Organo- [Larsen K, M McGraw, V Connor, L Deanovic, T Kimball, and D Hinton.
phosphoru 2000. Cache Creek and 2; Putah Creek Watersheds Toxicity Monitoring
S Results: 1998-1999 Final Report. November 2000.
Pesticides 2; Putah Creek
Smith Canal Organo- [Lee G.F., and A. Jones — Lee. 2001. Review of the City of Stockton Urban
phosphoru Stormwater Runoff Aquatic Life Toxicity Studies Conducted by the
S CVRWQCB, DeltaKeeper and the University of California, Davis, Aquatic
Pesticides [ToXicology Laboratory between 1994 and 1999. April 1, 2001. 2: Smith Canal
Smith Canal Pathogens [Fact Sheet
. 1; Bacteria
Smith Canal Pathogens |Jennings, B. 2001. Letter from Bill Jennings (DeltaKeeper A Project of San
Francisco BayKeeper) to Mr. Jerry Bruns and Mr. Joe Karkoski (California
Regional Water Quality Control Board, Central Valley Region) dated May
14, 2001, regarding DeltaKeeper comments on section 303(d) list update. |1 Bacteria
South cow creek [Fecal Fact Sheet
Coliform 1; cow creek
South cow creek [Fecal Hannaford MJ and North State Institute for Sustainable Communities. 2000.
Coliform [Preliminary Water Quality Assessment of 1; cow creek Tributaries. )
Department of Fish and Game. May 15, 2000.
(http://www delta.dfg.ca.gov/afrp/documents/cowcrk.rpt.pdf). 1; cow creek
Stanislaus River, |Mercury [Fact Sheet
Lower 2, SJR
Stanislaus River, Mercury |USBR (U.S. Bureau of Reclamation). 2001. U.S. Bureau of Reclamation
Lower DataWeb: Power Plants, Dams & Reservoirs. Accessed on August 22,
» 2001 (http://dataweb.usbr.gov/). ' NA
Stanislaus River, [Mercury |SWRCB (State Water Resources Control Board). 1995. Toxic Substances
Lower \Monitoring Program: Freshwater Bioaccumulation Monitoring
Program: Data Base. As presented in TSMP database (Metals_Wet). 1; Disk 1
Stanislaus River, [Mercury [Davis, J.A., M.D. May, G. Ichikawa, and D. Crane. 2000. Contaminant
Lower Concentrations in Fish from the Sacramento-San Joaquin Delta and
Lower San Joaquin River — 1998. San Francisco Estuary Institute report.
Richmond, California. September 2000. 2; Pesticides
Stanislaus River, [Mercury [OMR (Office of Mine Reclamation). 2000. California’s Abandoned
Lower \Mines — A Report on the Magnitude and Scope of the Issue in the State.
California Department of Conservation, Office of Mine Reclamation, 1; Don Pedro
Abandoned Mine Lands Unit (OMR). Sacramento, CA. June 2000. Lake
Stockton Deep  |Pathogens [Fact Sheet
Water Channel 1; Bacteria
Stockton Deep  [Pathogens (Jennings, B. 2001. Letter from Bill Jennings (DeltaKeeper A Project of San
Water Channel Francisco BayKeeper) to Mr. Jerry Bruns and Mr. Joe Karkoski (California
Regional Water Quality Control Board, Central Valley Region) dated May
14, 2001, regarding DeltaKeeper comments on section 303(d) list update.  [1; Bacteria




Waterbody

Pollutant

Sources

Location: Folder
#; Tab Title

Sutter Bypass

Diazinon

Fact Sheet

2; Pesticides

Sutter Bypass

Diazinon

CDPR. 2001. Surface Water Database. Access formatted database, using
the parameters of Sutter Bypass and Diazinon

1; Disk 1

Sutter Bypass

Diazinon

Nordmark, C. In prep. Preliminary Results of Acute and Chronic Toxicity
Testing of Surface Water Monitored in the Sacramento River Watershed,
Winter 1999-00. Memorandum to Don Weaver, Environmental Monitoring
and Pest Management, Department of Pesticide Regulation. Sacramento,
CA. As presented in CDPR, 2000a.

1; Disk 1

Sutter Bypass

Diazinon

Nordmark, C. 1998. Preliminary Results of Acute and Chronic Toxicity
Testing of Surface Water Monitored in the Sacramento River Watershed,
Winter 1998-99. Memorandum to Don Weaver, Environmental Monitoring
and Pest Management, Department of Pesticide Regulation. Sacramento,
CA. July 31, 1998 As presented in CDPR, 2000a.

1; Disk 1

Sutter Bypass

Diazinon

Nordmark, C. 1999. Preliminary Results of Acute and Chronic Toxicity
Testing of Surface Water Monitored in the Sacramento River Watershed,
Winter 1998-99. Memorandum to Don Weaver, Environmental Monitoring
and Pest Management, Department of Pesticide Regulation, Sacramento, CA.

May 26, 1999. As presented in CDPR, 2000a.

1;Disk 1

Sutter Bypass

Diazinon

Nordmark, C.E., K.P. Bennett, H. Feng, J. Hernandez, and P. Lee. 1998.
Occurrence of aquatic toxicity and dormant spray pesticide detections in the
Sacramento River watershed. Winter 1996-97. Environmental Hazards
Assessment Program, Environmental Monitoring and Pest Management
Branch. Department of Pesticide Regulation. Sacramento, CA. Report
EH98-01. February, 1998. As presented in CDPR, 2000a. '

1; Disk 1

Walker Slough

Pathogens

Fact Sheet

1; Bacteria

Walker Slough

Pathogens

Jennings, B. 2001. Letter from Bill Jennings (DeltaKeeper A Project of San
Francisco BayKeeper) to Mr. Jerry Bruns and Mr. Joe Karkoski (California
Regional Water Quality Control Board, Central Valley Region) dated May
14, 2001, regarding DeltaKeeper comments on section 303(d) list update.

1; Bacteria

Wolf Creek

Fecal
Coliform

Fact Sheet

1; Bacteria

'Wolf Creek

Fecal
Coliform

City of Grass Valley. 2000. Discharger self-monitoring reports
(DSMRs) for Grass Valley Waste Water Treatment Plant.

NA

Wolf Creek

Fecal
Coliform

City of Grass Valley. 2001. Discharger self-monitoring reports
(DSMRs) for Grass Valley Waste Water Treatment Plant.

NA

Wolf Creek

Fecal
Coliform

Jennings, B. 2001. Letter from Bill Jennings (DeltaKeeper A Project of San
Francisco BayKeeper) to Mr. Jerry Bruns and Mr. Joe Karkoski (California
[Regional Water Quality Control Board, Central Valley Region) dated May

14, 2001, regarding DeltaKeeper comments on section 303(d) list update.

1; Bacteria




. Documents Supporting Changing to Information Presented on the 1998 303(d) List

Waterbody [Pollutant [Sources Location: Folder
. #; Tab Title
Cache Creek [UTX, Hg [Fact Sheet 3 ; Change: Mines
Cache Creek [UTX, Hg [Buer, S.M., S.R. Phillippe, and T.R. Pinkos. 1979. Inventory and  |3; Change: Mines
Assessment of Water Quality Problems Related to Abandoned
and Inactive Mines in the Central Valley Region of California.
California Regional Water Quality Control Board, Central Valley
Region Draft Report, 1979.
Cache Creek [UTX, Hg [Foe, C. and W. Croyle. 1998. Mercury Concentrations and Loads [1; Bear Crk
from the Sacramento River and from Cache Creek to the
Sacramento-San Joaquin Delta Estuary. California Regional Water
Quality Control Board, Central Valley Region. June 1998.
Cache Creek ([UTX, Hg  [Montoya, B. and X. Pan. 1992. Inactive Mine Drainage in the 2; HU: 516 & 517
Sacramento Valley, California. California Regional Water Quality
Control Board, Central Valley Region Report. July 1992.
Camanche  [Copper Fact Sheet
Reservoir 1 ; Camanche Res
Camanche  {Copper Buer, S.M., S.R. Phillippe, and T.R. Pinkos. 1979. Inventory and Assessment
Reservoir of Water Quality Problems related to Abandoned and Inactive Mines in the
Central Valley Region of California. CRWQCB-CVR (California Regional
'Water Quality Control Board, Central Valley Region), Report. 1; Camanche Res
Camanche Copper CDFG (California Department of Fish and Game). 1991. Lower Mokelumne
Reservoir River Fisheries Plan. The Resources Agency, Department of Fish and Game,

. Stream flow Requirements Program. November 1991, 1; Camanche Res
Camanche  |Copper CH2MHILL. 2000a. Closure Report: Penn Mine Environmental Restoration |1; Camanche Res
Reservoir Project. Prepared for: East Bay Municipal Utility District and Regional

Water Quality Control Board-Central Valley Region. Oakland, California.

December 2000.
Camanche Copper CH2MHILL. 2000b. (Draft) Post-Restoration Final Effectiveness Report:  |1; Camanche Res
Reservoir Penn Mine Environmental Restoration Project. Prepared for: East Bay

Municipal Utility District and Regional Water Quality Control Board-Central

Valley Region. Oakland, California. September 2000.
Camanche Copper [EBMUD (East Bay Municipal Utility District). 2001. Unpublished dissolved|1; Camanche Res
Reservoir copper concentration data for the lower Mokelumne River downstream of

Camanche Dam, generated as part of EBMUD’s NPDES requirements.

Provided electronically by Alexander R. Coate (Manger of Regulatory

Compliance, EBMUD) to Michelle L. Wood (Environmental Specialist,

Central Valley Regional Water Quality Control Board) on August 2, 2001.
Camanche Copper EDAW, Inc. 1992. Draft EIS/EIR for the Updated Water Supply 1; Camanche Res
Reservoir Management Program, Volume 11I, Technical Appendices Bl and B2.

Prepared for: East Bay Municipal Utility District. Oakland, California.

December 1992.
Camanche  [Copper Montoya, B., and X. Pan. 1992. Inactive Mine Drainage in the Sacramento
Reservoir Valley, California. California Regional Water Quality Control Board, Central

Valley Region Report. July 1992. 2; HU: 516 & 517
Camanche Copper SCH EIR. 1996. Draft EIR for The Penn Mine Site, Long-Term Solution
Reservoir Project. Prepared for: East Bay Municipal Utility District and Regional

Water Quality Control Board-Central Valley Region. SCH EIR No.

95103036. 1; Camanche Res




Waterbody (Pollutant [Sources Location: Folder
#; Tab Title
Camanche  [Zinc Fact Sheet 1; Camanche Res
Reservoir
Camanche Zinc Buer, S.M., S.R. Phillippe, and T.R. Pinkos. 1979. Inventory and Assessment|l; Camanche Res
Reservoir of Water Quality Problems related to Abandoned and Inactive Mines in the
Central Valley Region of California. CRWQCB-CVR (California Regional
'Water Quality Control Board, Central Valley Region), Report.
Camanche Zinc CDFG (California Department of Fish and Game). 1991. Lower Mokelumne [1; Camanche Res
Reservoir River Fisheries Plan. The Resources Agency, Department of Fish and Game,
Stream flow Requirements Program. November 1991.
Camanche Zinc CH2MHILL. 2000a. Closure Report: Penn Mine Environmental Restoration |1; Camanche Res
Reservoir Project. Prepared for: East Bay Municipal Utility District and Regional
'Water Quality Control Board-Central Valley Region. Oakland, California.
IDecember 2000.
Camanche  [Zinc CH2MHILL. 2000b. (Draft) Post-Restoration Final Effectiveness Report:  |1; Camanche Res
Reservoir Penn Mine Environmental Restoration Project. Prepared for: East Bay
Municipal Utility District and Regional Water Quality Control Board-Central
Valley Region. Oakland, California. September 2000.
Camanche  |Zinc [EBMUD (East Bay Municipal Utility District). 2001. Unpublished dissolved|1; Camanche Res
Reservoir copper concentration data for the lower Mokelumne River downstream of
Camanche Dam, generated as part of EBMUD’s NPDES requirements.
Provided electronically by Alexander R. Coate (Manger of Regulatory
Compliance, EBMUD) to Michelle L. Wood (Environmental Specialist,
Central Valley Regional Water Quality Control Board) on August 2, 2001.
Camanche  |Zinc EDAW, Inc. 1992. Draft EIS/EIR for the Updated Water Supply 1; Camanche Res
Reservoir Management Program, Volume 111, Technical Appendices Bl and B2.
Prepared for: East Bay Municipal Utility District. Oakland, California.
December 1992,
Camanche Zinc Montoya, B., and X. Pan. 1992. Inactive Mine Drainage in the Sacramento |1; Camanche Res
Reservoir Valley, California. California Regional Water Quality Control Board, Central
Valley Region Report. July 1992.
Camanche  [Zinc SCH EIR. 1996. Draft EIR for The Penn Mine Site, Long-Term Solution 1; Camanche Res
Reservoir Project. Prepared for: East Bay Municipal Utility District and Regional
Water Quality Control Board-Central Valley Region. SCH EIR No.
95103036.
Delta 2; Low DO [Fact Sheet 3; Change:
General
Delta All (except |Fact Sheet 3; Change:
2, Low DO) General
Delta All NA (extent of impairment corrected) NA
Dunn Creek |Hg, Metals |Fact Sheet 3; Change: Mt
Diablo
Dunn Creek |Hg, Metals |Buer, S.M., S.R. Phillippe, and T.R. Pinkos. 1979. Inventory and  |3; Change: Mines
Assessment of Water Quality Problems Related to Abandoned
and Inactive Mines in the Central Valley Region of California.
CRWQCB-CVR. -
Dunn Creek [Hg, Metals [lovenitti, J.L., Weiss Associates, and J. Wessman. 1989. Mount  (3; Change:Mt
Diablo Mine: Surface Impoundment Technical Report. Pleasant Diablo
Hill, Ca.
Dunn Creek [Hg, Metals [Slotton DG, SM Ayers, and JE Reuter. 1996. Marsh Creek 3; Change:Mt
Watershed: 1995 Mercury Assessment Project. March 1996. Diablo
Fall Creek  [Sedimentat [Fact Sheet 3; Change: Fall
ion/Siltation Crk




Waterbody |Pollutant [Sources Location: Folder
#; Tab Title
Fall Creek  [Sedimentat CRWQCB-CVR (California Regional Water Quality Control Board, |3; Change: Fall
ion/Siltation |Central Valley Region). 1982. Fall River Water Quality Monitoring |Crk
Survey. July 1982.
Fall Creek  |Sedimentat CDWR (Department of Water Resources). 1998. Aquatic 3; Change: Fall
ion/Siltation |Monitoring and Assessment for the Upper Fall River, Crk
Memorandum Report. May 1998. .
Fall Creek  [Sedimentat [North State Resources and T Holmes (prepared for the Fall River (3; Change: Fall
ion/Siltation |Resource Conservation District). A study of the Habitat Crk
Characteristics of the Aquatic Vegetation of the Upper Fall River:
Final Report. Redding, Ca. December 8, 1997.
Fall Creek  [Sedimentat [Tetra Tech, Inc (for the Fall River Resource Conservation District). (3; Change: Fall
ion/Siltation [1998. Analysis of Sedimentation and Action Plan Development for |Crk
the Upper Fall River, Shasta County, California. San Francisco,
Ca. May 20, 1998.
Fall Creek  |Sedimentat |USDA (United States Department of Agriculture), River Basin 3; Change: Fall
ion/Siltation |Planning Staff, in cooperation with Fall River Resource Crk ‘
Conservation District. 1983. Fall River Watershed Area Study,
Summary Report. Davis, Ca. June 1983.
French Bacteria  [Fact Sheet 3; Change:
Ravine , General
French Bacteria  [Horizons Technology, Inc., 1997. Sure! MAPS® RASTER Map Sets ~ |NA
Ravine (U.S. Geological Survey 7.5’ Topographic Quadrangles), Version 2.1.2.

Horse Creek

Metals

Fact Sheet

3; Change: Mines

Horse Creek

Metals

Montoya, B., and X. Pan. 1992. Inactive Mine Drainage in the
Sacramento Valley, California. California Regional Water Quality
Control Board, Central Valley Region Report. July 1992.

2; HU: 516 & 517

Humbug Sedimentat [Fact Sheet 3; Change: Mines
Creek ion/Siltation '
, Metals,
Hg
Humbug Sedimentat Montoya, B., and X. Pan. 1992. Inactive Mine Drainage in the 2; HU: 516 & 517
Creek ion/Siltation |[Sacramento Valley, California. California Regional Water Quality :
, Metals,  |Control Board, Central Valley Region Report. July 1992.
Hg
James Creek [Hg, Ni Fact Sheet 3; Change: Mines
James Creek [Hg, Ni Buer, S.M., S.R. Phillippe, and T.R. Pinkos. 1979. Inventory and 3; Change: Mines
Assessment of Water Quality Problems Related to Abandoned and
Inactive Mines in the Central Valley Region of California. California
Regional Water Quality Control Board, Central Valley Region Draft
Report. 1979.
James Creek |Hg, Ni Montoya, B. and Pan, X., 1992. Inactive Mine Drainage in the 2; HU: 516 &
Sacramento Valley, California. California Regional Water Quality 517
Control Board, Central Valley Region Report. July 1992.
Marsh Creek |Metals Fact Sheet 3; Change: Mt
Diablo
Marsh Creek Hg Fact Sheet 3; Change: Mt

Diablo




River, Lower

of Water Quality Problems related to Abandoned and Inactive Mines in the
Central Valley Region of California. CRWQCB-CVR (California Regional
Water Quality Control Board, Central Valley Region), Report.

Waterbody [Pollutant [Sources Location: Folder
#; Tab Title
Marsh Creek [Metals, Hg [Buer, S.M., S.R. Phillippe, and T.R. Pinkos. 1979. Inventory and 3; Change :
Assessment of Water Quality Problems Related to Abandoned and Mines
Inactive Mines in the Central Valley Region of California. CRWQCB-
CVR.
Marsh Creek [Metals, Hg ICRWQCB-CVR. 1978. Waste Discharge Requirements for Mount 3; Change: Mt
Diablo Quicksilver Mine, Contra Costa County. Sacramento, Ca: Diablo
CRWQCB.
Marsh Creek [Metals, Hg |lovenitti, J.L., Weiss Associates, and J. Wessman. 1989. Mount  (3; Change: Mt
Diablo Mine: Surface Impoundment Technical Report. Pleasant  |Diablo
Hill, Ca.
Marsh Creek [Metals, Hg [Slotton DG, SM Ayers, and JE Reuter. 1996. Marsh Creek 3; Change: Mt
Watershed: 1995 Mercury Assessment Project. March 1996. Diablo
Mokulmne  [Copper Fact Sheet
River, Lower 1 ; Camanche Res
Mokulmne  |Copper Buer, S.M., S.R. Phillippe, and T.R. Pinkos. 1979. Inventory and Assessment

1; Camanche Res

Central Valley Region of California. CRWQCB-CVR (California Regional

Mokulmne  |Copper CDFG (California Department of Fish and Game). 1991. Lower Mokelumne |1; Camanche Res
River River Fisheries Plan. The Resources Agency, Department of Fish and Game,

Stream flow Requirements Program. November 1991.
Mokulmne  |Copper CH2MHILL. 2000a. Closure Report: Penn Mine Environmental Restoration |1; Camanche Res
River Project. Prepared for: East Bay Municipal Utility District and Regional

Water Quality Control Board-Central Valley Region. Oakland, California.

December 2000.
Mokulmne  |[Copper CH2MHILL. 2000b. (Draft) Post-Restoration Final Effectiveness Report:  |1; Camanche Res
River Penn Mine Environmental Restoration Project. Prepared for: East Bay

Municipal Utility District and Regional Water Quality Control Board-Central

Valley Region. Oakland, California. September 2000.
Mokulmne  |Copper EBMUD (East Bay Municipal Utility District). 2001. Unpublished dissolved |1; Camanche Res
River copper concentration data for the lower Mokelumne River downstream of :

Camanche Dam, generated as part of EBMUD’s NPDES requirements.

Provided electronically by Alexander R. Coate (Manger of Regulatory

Compliance, EBMUD) to Michelle L. Wood (Environmental Specialist,

Central Valley Regional Water Quality Control Board) on August 2, 2001.
Mokulmne  (Copper EDAW, Inc. 1992. Draft EIS/EIR for the Updated Water Supply 1; Camanche Res
River Management Program, Volume IIl, Technical Appendices Bl and B2.

Prepared for: East Bay Municipal Utility District. Oakland, California.

December 1992.
Mokulmne  |Copper Montoya, B., and X. Pan. 1992. Inactive Mine Drainage in the Sacramento
River- Valley, California. California Regional Water Quality Control Board, Central

Valley Region Report. July 1992. 2; HU: 516 & 517
Mokulmne  |[Copper SCH EIR. 1996. Draft EIR for The Penn Mine Site, Long-Term Solution 1; Camanche Res
River Project. Prepared for: East Bay Municipal Utility District and Regional

Water Quality Control Board-Central Valley Region. SCH EIR No.

95103036.
Mokulmne  |Zinc [Fact Sheet 1; Camanche Res
River
Mokulmne  |Zinc Buer, S.M., S.R. Phillippe, and T.R. Pinkos. 1979. Inventory and Assessment|1; Camanche Res
River of Water Quality Problems related to Abandoned and Inactive Mines in the

'Water Quality Control Board, Central Valley Region), Report.




Waterbody |Pollutant [Sources Location: Folder
#; Tab Title

Stanislaus  |Diazinon, |USBR (U.S. Bureau of Reclamation). 2001. U.S. Bureau of Reclamation NA
River GAP, UTX |DataWeb: Power Plants, Dams & Reservoirs. Accessed on August 22,

2001 (http://dataweb.usbr.gov/).
Stanislaus  |Diazinon, |USGS (United States Geological Survey). 1987, 1991. Knights Ferry NA
River GAP, UTX |(1987) and Ripon (1991). California 7.5' Topographic Quadrangles, as

presented by TopoZone.com (© 2000 Maps a la carte, Inc.). Accessed on

August 22, 2001 (http://www.topozone.com/default.asp).
Tuolumne Diazinon  |[Fact Sheet 3; Change:
River General
Tuolumne GAP, UTX [Fact Sheet . 3, Change:
River General
Tuolumne Diazinon, |USGS (United States Geological Survey). 1987, 1991, 1969. La Grange |NA
River GAP, UTX |(1987), Westley (1991), and Brush Lake (1969). California 7.5’

Topographic Quadrangles, as presented by TopoZone.com (© 2000 Maps

a la carte, Inc.). Accessed on August 23, 2001
(http://www.topozone.com/default.asp).




Documents Supporting Delisting a Waterbody-Pollutant from the 2002 303(d) List

Waterbody Pollutant [Sources Location: Folder
#; Tab Title

American River, |Group A 2; [Fact Sheet
Lower Pesticides 3; Removals
American River, |Group A 2; [Davis, J.A., M.D. May, G. Ichikawa, and D. Crane. 2000. Contaminant
Lower Pesticides  {Concentrations in Fish from the Sacramento-San Joaquin Delta and Lower

San Joaquin River, 1998. San Francisco Estuary Institute, Richmond, CA.

September 1998 2; Pesticides
American River, |Group A 2; |[Larry Walker Associates. 2001b. Sacramento River Watershed
Lower Pesticides  |[Program Annual Monitoring Report: 1999-2000. Prepared for the

Sacramento River Watershed Program by Larry Walker Associates,

Davis, California. 3; Removals
American River, [Group A 2; |[SWRCB-DWQ (State Water Resources Control Board, Division of Water
Lower Pesticides  |Quality). 1995. Toxic Substances Monitoring Program: Freshwater

Bioaccumulation Monitoring Program: Data Base (Org Wet). 1; Disk 1
Grasslands Selenium  |Grober, L.F. 1999. Selenium Total Maximum Daily Load for the
Marshes Grassland Marshes. California Regional Water Quality Control Board,

Central Valley Region. NA
Salt Slough Selenium  |Grober, L. 2000. Selenium Total Maximum Daily Load for Salt Slough.

California Regional Water Quality Control Board, Central Valley Region. [NA







B.1.6 Upper Bear River, Mercury
Summary of Proposed Action

The California Regional Water Quality Control Board, Central Valley Region (Regional Board)
recommends the addition of the upper Bear River to California’s Clean Water Act Section 303(d) list due to
impairment by mercury. Information available to the Regional Board on mercury levels in fish tissue
samples indicates that water quality objectives are not being attained in the upper Bear River between
Rollins Reservoir and Lake Combie. The description for the basis for this determination is given below.

Table B-1. 303(d) Listing/TMDL Information

:'f_Slze Affe(:ted

K

:i.,(Mo/Yr)

~Waterbody:Name:- - | Upper Bear River " Pollutants/Stressors. - . | Mercury
“Hydrologic-Unit: * ' | 516.33 ij;Sources s ~* | Resource Extraction
O R AR 8 i /| (abandoned mines)
‘TotakLength.. 70 miles 1 ;TMDL Prlonty

| 8 miles ) ’ 1t

;ﬂExtent of' Lo "

TMDL End Date

..~ | Rollins Reservoir to :
“Impairment: < - < Lake Combie  @VIo/Yr)s
?;-Upstream Extent 39°08' 02" ' Upstream Extent 120° 57' 14"
'tltude o , _ngltude '
_'Downstream xtent 39°01' 52" ;ég'Downstream Extent 121° 01' 48"
?’Latltude ;fLongltude B ,

Watershed Characterlstlcs
The Bear River basin comprises 232,800 watershed acres. The river extends approximately 70 miles from
its headwaters near Emigrant Gap in the Sierra Nevada Mountains to its confluence with the Feather River
north of the town of Nicholaus. From upstream to downstream, the Bear River is intersected by three
reservoirs: Rollins Reservoir, Lake Combie, and Camp Far West Reservoir. Water uses include
hydroelectric generation, recreational, agricultural, and municipal uses, among others. The Bear River
basin is bound by the Yuba River basin on the north, the Little Truckee River basin on the east, and the
American River basin on the south. The headwaters are located in the Sierra Nevada snowfields at
elevations ranging up to 9,100 feet above sea level. The impaired section of the upper Bear River extends
approximately eight miles, from Rollins Reservoir to Lake Combie.

Water Quality Objectives Not Attained

The narrative objective for toxicity is not being attained for mercury in the upper Bear River between
Rollins Reservoir and Lake Combie. The narrative toxicity objective in the Basin Plan states, in part, “All
waters shall be maintained free of toxic substances in concentrations that produce detrimental physiological
responses in human, plant, animal, or aquatic life.” The narrative toxicity objective further states that “The
Regional Water Board will also consider ... numerical criteria and guidelines for toxic substances
developed by the State Water Board, the California Office of Environmental Health Hazard Assessment,
the California Department of Health Services (OEHHA), the U.S. Food and Drug Administration, the
National Academy of Sciences, the U.S. Environmental Protection Agency, and other appropriate
organizations to evaluate compliance with this objective” (CRWQCB-CVR, 1998;

http://www.swrch.ca.gov/~rwqcb5/bsnplnab.pdf).

Numeric criteria for mercury in fish tissue have been developed for both human health and wildlife
protection. The U.S. Environmental Protection Agency (USEPA) recently established a human health
protection criterion of 0.3 milligrams per kilogram (mg/kg; equivalent to parts per million [ppm])
methylmercury in the edible portions of fish (USEPA, 2001b). This criterion is used to determine
attainment with the narrative toxicity objective.

'Evidence of Impairment

The U.S. Geological Survey (USGS) collected fish tissue samples on September 23, 1999 from the upper
Bear River at Dog Bar Road (May er a/, 2000). Only trophic level 3 fish were collected by the study.
Trophic level 3 fish feed on zooplankton, phytoplankton, and benthic invertebrates. Trophic level 4 fish




consume trophic level 3 fish as part of their diet. Methylmercury and total mercury bicaccumulates in
aquatic organisms and tends to increase with increasing trophic levels (USEPA, 1997a). The USGS
sampled three trophic level 3 fish (two brown trout and one rainbow trout). The TL3 fish had a range of
mercury concentrations from 0.38 to 0.43 ppm, and an average mercury concentration of 0.40 ppm, which
exceeds the USEPA criterion of 0.3 ppm. Placer, Yuba, and Nevada counties have issued an interim public
health notification for all lakes and watercourses within these counties based on the USGS data. OEHHA
is in the process of developing a state advisory (Nevada County, 2000).

Extent of Impairment
The upper Bear River flows for eight miles between Rollins Reservoir and Lake Combie. The entire eight-

mile section is impaired by mercury.

Potential Sources '
The upper Bear River watershed was historically mined extensively for its hardrock and placer gold

deposits and has been affected by hydraulic mining (Alpers and Hunerlach, 2000). Several inactive gold
mines exist upstream of Rollins Reservoir in the upper Bear River watershed (Montoya and Pan, 1992).




B.1.13 Camp Far West Reservoir, Mercury

Summary of Proposed Action

The California Regional Water Quality Control Board, Central Valley Region (Regional Board)
recommends the addition of Camp Far West Reservoir to California’s Clean Water Act Section 303(d) list
due to impairment by mercury. Information available to the Regional Board on mercury levels in fish
tissue samples indicates that water quality objectives are not being attained in Camp Far West Reservoir.
The description for the basis for this determination is given below.

Table B-1. 303(d) Llstm /TMDL Information

Waterbody Name Camp Far West 5 Pollu:t:ihts/Strqs_‘sprsf | Mercury

- .| Reservoir T B

il 516.31 'Sources © .t i Resource extraction
: , .- i (historic mines)

"+ | 2,002 surface acres N TMDL Pnorlty

| 2,002 surface acres " TMDL, ,tart Date

el '-(Mo: .

.4 All of Camp Far West |, TMDL: End Date

-| Reservoir (Mo/Y r)

Watershed Characteristics

The Bear River flows into Rollins Reservoir and Lake Combie before reaching Camp Far West Reservoir.
The South Sutter Water District constructed Camp Far West Reservoir as a partial surface water supply in
response to declining ground water resources. The Bear River basin has covers over 232,800 acres. Water
usage in the basin includes recreational, agricultural, municipal, and hydroelectric generation. The Bear
River basin is bounded by the Yuba River basin on the north, the Little Truckee River basin on the east,

and the American River basin on the south. The headwaters are located in the Sierra Nevada snowfields at
elevations ranging up to 9,100 feet above sea level.

Water Quality Objectives Not Attained

The narrative objective for toxicity is not being attained for mercury in Camp Far West Reservoir. “The
narrative toxicity objective in the Basin Plan states, in part, “All waters shall be maintained free of toxic
substances in concentrations that produce detrimental physiological responses in human, plant, animal, or
aquatic life.” The narrative toxicity objective further states that “The Regional Water Board will also
consider ... numerical criteria and guidelines for toxic substances developed by the State Water Board, the
California Office of Environmental Health Hazard Assessment, the California Department of Health
Services, the U.S. Food and Drug Administration, the National Academy of Sciences, the

U.S. Environmental Protection Agency, and other appropriate organizations to evaluate compliance with
this objective” (CRWQCB-CVR, 1998; http://www.swrcb.ca.gov/~rwqcb5/bsnplnab.pdf).

Numeric criteria for mercury in fish tissue have been developed for both human health and wildlife
protection. The U.S. Environmental Protection Agency (USEPA) recently established a human health
protection criterion of 0.3 milligrams per kilogram (mg/kg; equivalent to parts per million [ppm])
methylmercury in the edible portions of fish (USEPA, 2001b). This criterion is used to determine
attainment with the narrative toxicity objective.

Evidence of Impairment

The U.S. Geological Survey (USGS) and Toxic Substances Monitoring Program (TSMP) collected fish
tissue samples from the midsection, the dam area, and the Bear River and Rock Creek Arms of Camp Far
West Reservoir. Both studies collected trophic level 3 and 4 fish. Trophic level 3 fish feed on
zooplankton, phytoplankton, and benthic invertebrates. Trophic level 4 fish consume trophic level 3 fish as
part of their diet. Methylmercury and total mercury bioaccumulate in aquatic organisms and tend to
increase with increasing trophic levels (USEPA, 1997a). The TSMP and USGS sampled 36 trophic level

(TL) 4 fish (largemouth bass, smallmouth bass, spotted bass, and channel catfish) between 1987 and 1999.
The TL4 fish had an average mercury concentration of 0.69 ppm, which exceeds the USEPA criterion of
0.3 ppm. Placer, Yuba, and Nevada counties have issued an interim public health notification for all lakes



and watercourses within these counties based on the USGS data. OEHHA is in the process of developing a
state advisory (Nevada County, 2000).

Extent of Impairment
Camp Far West Reservoir covers 2,002 surface acres. Fish collected throughout the reservoir had mercury
levels exceeding the USEPA criterion. The entire waterbody is impaired by mercury.

Potential Sources _

The Bear River watershed was historically mined extensively for its hardrock and placer gold deposits and
has been affected by hydraulic mining (Alpers and Hunerlach, 2000). Several inactive gold and copper
mines exist upstream of Camp Far West Reservoir in the Bear River watershed. The Dairy Farm Mine is
located along the reservoir’s southern shoreline. It is an inactive copper, gold, and silver mine that used
underground and open pit mining methods. An open adit has been observed when reservoir levels are low
(Montoya and Pan, 1992). Despite being associated with acid mine drainage, Dairy Farm Mine does not
discharge.perennially.




B.1.26 Lake Combie, Mercury

Summary of Proposed Action

The California Regional Water Quality Control Board, Central Valley Region (Regional Board)
recommends the addition of Lake Combie to California’s Clean Water Act Section 303(d) list due to
impairment by mercury. Information available to the Regional Board on mercury levels in fish tissue
samples indicates that water quality objectives are not bemg attained in Lake Combie. The description for
the basis for this determination is given below.

Table B-1, 303(d) Listing/TMDL Information

‘Waterbody Name: - Lake Combie "Pollutants/Stressors .| Mercury
Hydrologic-Unit - -. | 516.33 _ :Sources .. .. = .| Resource Extraction
S e AR © o w7 | (gbandoned mines)
"TotatLength -~ -~ | 360 acres ' TMDL Pl‘lOl‘lty ,

' Size:Affected” . 360 acres . TMDL.Start Date; (Mo/Y r)

. Extent of Impairment: | All of Lake Combie | TMDLEndiDate (Mo/Yr):

Watershed Characteristics

The Bear River basin comprises over 232,800 acres. Water uses include hydroelectric generation,
recreational, agricultural, and municipal uses, among others. The basin is bound by the Yuba River on the
north, the Little Truckee River basin on the east, and the American River basin on the south. The
headwaters are located in the Sierra Nevada snowfields at elevations ranging up to 9,100 feet above sea
level. The Bear River flows into Rollins Reservoir before reaching Lake Combie.

Water Quality Objectives Not Attained

The narrative objective for toxicity is not being attained for mercury in Lake Combie. The narrative
toxicity objective in the Basin Plan states, in-part, “All waters shall be maintained free of toxic substances
in concentrations that produce detrimental physiological responses in human, plant, animal, or aquatic life.”
The narrative toxicity objective further states that “The Regional Water Board will also consider ...
numerical criteria and guidelines for toxic substances developed by the State Water Board, the California
Office of Environmental Health Hazard Assessment, the California Department of Health Services, the
U.S. Food and Drug Administration, the National Academy of Sciences, the U.S. Environmental Protection
Agency, and other appropriate organizations to evaluate compliance with this objective.” (CRWQCB-CVR,
1998; http.//www.swrcb.ca.gov/~rwgcb5/bsnplnab.pdf).

Numeric criteria for mercury in fish tissue have been developed for both human health and wildlife
protection. The U.S. Environmental Protection Agency (USEPA) recently established a human health
protection criterion of 0.3 milligrams per kilogram (mg/kg; equivalent to parts per million [ppm])
methylmercury in the edible portions of fish (USEPA, 2001b). This criterion is used to determine

attainment with of the narrative toxicity objective.

Evidence of Impairment

The U.S. Geological Survey (USGS) collected trophic level 3 and 4 fish tissue samples from Lake Combie.
Trophic level 3 fish feed on zooplankton, phytoplankton, and benthic invertebrates. Trophic level 4 fish

" consume trophic level 3 fish as part of their diet. Methylmercury and total mercury bioaccumulates in
aquatic organisms and tends to increase with increasing trophic levels (USEPA, 1997a). The USGS
sampled nine trophic level 4 fish (largemouth bass) in 1999. The trophic level 4 fish had an average
mercury concentration of 0.91 ppm, which exceeds the USEPA criterion of 0.3 ppm. Placer, Yuba, and
Nevada counties have issued an interim public health notification for all lakes and watercourses within
these counties based on the USGS data. OEHHA is in the process of developing a state advisory

(Nevada County, 2000},

Extent of Impairment
Lake Combie covers 360 surface acres. The entire waterbody is impaired by mercury.




Potential Sources ’
The Bear River watershed was historically mined extensively for its hardrock and placer gold deposits and

has been affected by hydraulic mining (Alpers and Hunerlach, 2000). Several inactive gold mines exist

upstream of Lake Combie in the Bear River watershed (Montoya and Pan, 1992).




B.1.27 Lake Englebright, Mercury
Summary of Proposed Action
The California Regional Water Quality Control Board, Central Valley Region (Regmnal Board)

recommends the addition of Lake Englebright to California’s Clean Water Act Section 303(d) list due to
impairment by mercury. Information available to the Regional Board on mercury levels in fish tissue
samples indicates that water quality objectives are not being attained in Lake Englebright. The description
for the basis for this determination is given below.

Table B-1. 303(d) Listing/TMDL Information

‘Waterbody Name - | Lake Englebright ) Pollutants/Stressors | Mercury
"Hydrologlc Umt T 517.14 : fiSourceSt ... 7+ % | Resource extraction
- e - c ' ;.| (abandoned mines)
vTotal Length | 815acres | ,TMDL Prlority
oo | 815 acres : TMDL. Start Date
- (Mo/¥ir)-: L

“Extent .dfélmrj.ai.ﬁ’rriéritv“ All of Lake Englebright | TMDE: End Date (Mo/Y r)-

Watershed Characteristics

Lake Englebright is located in the Yuba River watershed in the Sierra Nevada foothills, approximately 21
miles east of Marysville. Water usage includes recreational, agricultural, hydroelectric generation, and
municipal uses, among others. The basin is bound by the Feather River basin on the north, by the Little
Truckee River basin on the east, and by the Bear River and American River basins on the south. The
headwaters are in the Sierra Nevada snowfields at elevations ranging up to 9,100 feet above sea level. The
North Fork of the Yuba River flows into Bullard’s Bar Reservoir. Water is released at the Bullard’s Bar
Dam and goes downstream to join flows from the Middle and South Forks of the Yuba River, which flow
into Lake Englebright. From the Englebright Dam some water is diverted to a North and South Irrigation
ditch but the majority of discharge continues downstream through Marysville and flows into the Feather
River. Englebright Dam was constructed primarily to prevent upstream hydraulic mining debris from
moving downstream into the Yuba River floodplain.

Water Quality Objectives Not Attained '

The narrative objective for toxicity is not being attained for mercury in Lake Englebright. The narrative
toxicity objective in the Basin Plan states, in part, “All waters shall be maintained free of toxic substances
in concentrations that produce detrimental physiological responses in human, plant, animal, or aquatic life.”
The narrative toxicity objective further states that “The Regional Water Board will also consider ...
numerical criteria and guidelines for toxic substances developed by the State Water Board, the California
Office of Environmental Health Hazard Assessment, the California Department of Health Services, the
U.S. Food and Drug Administration, the National Academy of Sciences, the U.S. Environmental Protection
Agency, and other appropriate organizations to evaluate compliance with this objective.” (CRWQCB-CVR,
1998; hitp://www.swrcb.ca.gov/~rwqchS/bsnplnab pdf).

Numeric criteria for mercury in fish tissue have been developed for both human health and wildlife
protection. The U.S. Environmental Protection Agency (USEPA) recently established a human health
protection criterion of 0.3 milligrams per kilogram (mg/kg; equivalent to parts per million [ppm])
methylmercury in the edible portions of fish (USEPA, 2001b). This criterion is used to determine
attainment with the narrative toxicity objective.

Evidence of Impairment

The U.S. Geological Survey (USGS) and University of California, Davis Division of Environmental
Studies (UCD) collected fish tissue samples from the midsection, the South Yuba River Arm, and
Hogsback Ravine Arm of Lake Englebright (May et al, 2000; Slotton et al, 1996b). Both studies collected
trophic level 3 and 4 fish. Trophic level 3 fish feed on zooplankton, phytoplankton, and benthic
invertebrates Trophic level 4 fish consume trophic level 3 fish as part of their diet. Methylmercury and
total mercury bioaccumulates in aquatic organisms and tends to increase with increasing trophic levels

(USEPA, 1997a). The USGS and UCD sampled 21 trophic level 4 fish (largemouth bass, smallmouth bass,



and spotted bass) and 9 trophic level 3 fish (carp, green sunfish, hardhead, and Sacramento sucker) between
1996 and 1999. The TL4 fish and TL3 fish had average mercury concentrations of 0.55 ppm and 0.51 ppm,
respectively, which exceed the USEPA criterfion of 0.3 ppm. Placer, Yuba, and Nevada counties have
issued an interim public health notification for all lakes and watercourses within these counties based on

the USGS data. OEHHA is in the process of developing a state advisory (Nevada County, 2000).

Extent of Impairment v

Lake Englebright is about 227 feet deep at the dam and covers 815 surface acres. It is 9 miles in length and
has 24-miles of shoreline. Fish collected throughout the lake had mercury levels above the USEPA
criterion. The entire waterbody is impaired by mercury.

Potential Sources

Several inactive and partially active gold mines exist upstream of Englebright Dam in the Yuba River
watershed. The Yuba watershed was historically mined extensively for its hardrock and placer gold
deposits and has been affected by hydraulic mining (Alpers and Hunerlach, 2000).




B.1.28 Little Deer Creek, Mercury

Summary of Proposed Action ‘
The California Regional Water Quality Control Board, Central Valley Region (Regional Board)

recommends the addition of Little Deer Creek to California’s Clean Water Act Section 303(d) list due to

impairment by mercury. Information available to the Regional Board on mercury levels in fish tissue
samples indicates that water quality objectives are not being attained in Little Deer Creek. The description

for the basis for this determination is given below.

Table B-1. 303(d) Llstm /TMDL Information

-}Waterbody Name .« | Little Deer Creek ,rTPollutants/Stressors ©oo | Mercury

nit: 1 517.20 '=-Sources St oo 07 | Resource extraction
AT e , ..©. .. . | (abandoned mines)
f.’I:‘:ot:'leEength;‘.' © | 4 miles -‘TMDL‘-P:’:iOri'ty.; S
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Watershed Characteristics
Little Deer Creek is in the Sierra foothills directly east of Nevada City within the Yuba River basin. Water

usage ranges from recreational to agricultural and municipal to hydroelectric generation, among others.
The Yuba River basin is bound by the Feather River basin on the north, by the Little Truckee River basin
on the east, and by the Bear River and American River basins on the south. Little Deer Creek flows for
approximately 4 miles from its headwaters at approximately 3,500 feet above mean sea level (msl) to its
confluence with Deer Creek at approximately 2,600 feet above msl in Nevada City. Deer Creek flows into
the Yuba River downstream of Lake Englebright.

Water Quality Objectives Not Attained

The narrative objective for toxicity is not being attained for mercury in Little Deer Creek. The narrative
toxicity objective in the Basin Plan states, in part, “All waters shall be maintained free of toxic substances
in concentrations that produce detrimental physiological responses in human, plant, animal, or aquatic life.’
_The narrative toxicity objective further states that “The Regional Water Board will also consider ...
numerical criteria and guidelines for toxic substances developed by the State Water Board, the California
Office of Environmental Health Hazard Assessment, the California Department of Health Services
(OEHHA), the U.S. Food and Drug Administration, the National Academy of Sciences, the

U.S. Environmental Protection Agency, and other appropriate organizations to evaluate compliance with
this objective” (CRWQCB-CVR, 1998; http.//www.swrcb.ca.gov/~rwgcb5/bsnplnab.pdf).

Numeric criteria for mercury in fish tissue have been developed for both human health and wildlife

- protection. The U.S. Environmental Protection Agency (USEPA) recently established a human health
protection criterion of 0.3 milligrams per kilogram (mg/kg; equivalent to parts per million [ppm])
methylmercury in the edible portions of fish (USEPA, 2001b). This criterion is used to determine
attainment with the narrative toxicity objective.

Evidence of Impairment
The U.S. Geological Survey (USGS) collected fish tissue samples from Little Deer Creek at Pioneer Park,

less than Y mile from the confluence with Deer Creek. Only trophic level 3 fish were collected in the
study. Trophic level 3 fish feed on zooplankton, phytoplankton, and benthic invertebrates. Methylmercury
and total mercury bioaccumulates in aquatic organisms and tends to increase with increasing trophic levels

(USEPA, 1997a). The USGS sampled six brown trout on October 6, 1999: These TL3 fish had an average
mercury concentration of 0.32 ppm, which exceeds the USEPA criterion of 0.3 ppm. Placer, Yuba, and



Nevada counties have issued an interim public health notification for all lakes and watercourses within
these counties based on the USGS data. OEHHA is in the process of developing a state advisory (Nevada
County, 2000).

Extent of Impairment
Little Deer Creek runs for approximately 4 miles and drains into the mainstem of Deer Creek. The entire
waterbody is impaired by mercury.

Potential Sources

The inactive Banner Mine is within the watershed of Little Deer Creek, about 2.5 miles upstream from the
confluence with Deer Creek. Several inactive and partially active gold mines exist within the Yuba River
watershed. The Yuba watershed was historically mined extensively for its hardrock and placer gold
deposits and has been affected by hydraulic mining (Alpers and Hunerlach, 2000).




B.1.42 Rollins Reservoir, Mercury

Summary of Proposed Action

The California Regional Water Quality Control Board, Central Valley Region (Regional Board)
recommends the addition of Rollins Reservoir to California’s Clean Water Act Section 303(d) list due to
impairment by mercury. Information available to the Regional Board on mercury levels in fish tissue
samples indicates that water quality objectives are not being attained in Rollins Reservoir. The description
for the basis for this determination is given below.

Table B-1. 303(d) Listing/TMDL Information

‘Waterbody. Name: - - - | Rollins Reservoir :f'Pollutants/Stressors . - | Mercury
Hydiologic Unit: | 516.34 .Sources. . - : - | Resource Extraction
. Total:Length: = .- 840 acres - TMDL. Priority - L
' SlzevAffected . 840 acres TMDL Start Date: (Mo/Y lj
of? mpalrment All of Rollins 'TMDL Endi- ate:(] - |
S0 ] Reservoir - T

Watershed Characteristics _

The Bear River basin comprises over 232,800 watershed acres. Water usage ranges from recreational to
agricultural and municipal to hydroelectric generation, among others. The basin is bound by the Yuba-
River on the north, the Little Truckee River basin on the east, and the American River basin on the south.
The headwaters are located in the Sierra Nevada snowfields at elevations ranging up to 9,100 feet above
sea level. Greenhorn Creek, Steephollow Creek and Bear River flow into Rollins Reservoir. Rollins
Reservoir has twenty-six miles of shoreline and its deepest section is 270 feet deep at the dam. At full
capacity the reservoir stores 66,000 acre-feet of water and covers 840 surface acres.

Water Quality Objectives Not Attained

The narrative objective for toxicity is not being attained for mercury in Rollins Reservoir. The narrative
toxicity objective in the Basin Plan states, in part, “All waters shall be maintained free of toxic substances
in concentrations that produce detrimental physiological responses in human, plant, animal, or aquatic life.”
The narrative toxicity objective further states that “The Regional Water Board will also consider ...
numerical criteria and guidelines for toxic substances developed by the State Water Board, the California
Office of Environmental Health Hazard Assessment, the California Department of Health Services, the
U.S. Food and Drug Administration, the National Academy of Sciences, the U.S. Environmental Protection
Agency, and other appropriate organizations to evaluate compliance with this objective (CRWQCB-CVR,
1998; http://www.swrcb.ca.gov/~rwacb5/bsnplnab.pdf).”

Numeric criteria for mercury in fish tissue have been developed for both human health and wildlife
protection. The U.S. Environmental Protection Agency (USEPA) recently established a human health
protection criterion of 0.3 milligrams per kilogram (mg/kg; equivalent to parts per million [ppm])
methylmercury in the edible portions of fish (USEPA, 2001b). This criterion is used to determine
attainment with the narrative toxicity objective.

Evidence of Impairment

The U.S. Geological Survey (USGS) and Toxic Substances Momtormg Program (TSMP) collected fish
tissue samples from the midsection, Bear River Arm, and Greenhorn Creek Arm of Rollins Reservoir (May
et al, 2000; CRWQCB-SFB et al, 1995). The USGS collected trophic level 3 and 4 fish; the TSMP
collected only trophic level 4 fish. Trophic level 3 fish feed on zooplankton, phytoplankton, and benthic
invertebrates. Trophic level 4 fish consume trophic level 3 fish as part of their diet. Methylmercury and
total mercury bioaccumulate in aquatic organisms and tend to increase with increasing trophic levels
(USEPA, 1997a). The TSMP and USGS sampled 50 trophic level 4 fish (largemouth bass, smallmouth
bass, black crappie, and channel catfish) between 1984 and 1999. The TL4 fish had an average mercury
concentration of 0.32 ppm, which exceeds the USEPA criterion of 0.3 ppm. The trophic level 4 fish data
from the USGS study are summarized in Table B-2, below. ‘Placer, Yuba, and Nevada counties have issued

an interim public health notification for all lakes and watercourses within these counties based on the
USGS data. OEHHA is in the process of developing a state advisory (Nevada County, 2000).



Table B-2. Summary of Mercury Concentration Data for Rollins Reservair River

Trophic Level 4 Fish

i A I i Méa‘n«M‘ercury .
oot e L ofRishl- ) - Concentration
SamplingLocation. © . *. "*FishType ' .|, “Sampled | - - (ppm) =~ -

Bear River Largemouth Bass 2 0.25
Channel Catfish 10 0.365
Largemouth Bass 5 0.374
Greenhorn Creek Arm Channel Catfish 3 0.35
Black Crappie 0.31
Largemouth Bass 5 0.56
Midsection of Reservoir _ Channel Catfish 12 0.31
Smallmouth Bass 10 0.14
Summary " |TrophicTevel 4 Rish: |50~ < oz

Extent of Impairment

Rollins Reservoir covers 840 surface acres. Fish collected throughout the reservoir had mercury levels

above the USEPA criterion. The entire waterbody is impaired by mercury.

Potential Sourcés

The Bear River watershed was historically mined extensively for its hardrock and placer gold deposits and
has been affected by hydraulic mining (Alpers and Hunerlach, 2000). Several inactive gold exist upstream

of Rollins Reservoir in the Bear River watershed (Montoya and Pan, 1992). .




B.1.44 Scotts Flat Reservoir, Mercury

Summary of Proposed Action

The California Regional Water Quality Control Board, Central Valley Region, (Regional Board)
recommends the addition of Scotts Flat Reservoir to California’s Clean Water Act Section 303(d) list due
to impairment by mercury. Information available to the Regional Board on mercury levels in fish tissue
samples indicates that water quality objectives are not being attained in Scotts Flat Reservoir. The
description for the basis for this determination is given below.

Table B-1. 303(d) Llstm /TMDL Information

:~Waterbody~Name ~ .| Scotts Flat -_}P,oll'(i‘t‘alit's/S’tresSO'r_Si’*""~ “ il Mereury

: - | Reservoir - LE e

_-I-Hydrologlc Umt e o+ 517.20 '_:j‘Sources .| Resource extraction
3 Cvo : ' .. .| (abandoned mines)
- TotalevLength 725 acres ETMDL Prlorlty L

-Size Affected. .. - .| 725 acres *TMDL Start:Date-(Mo/Y r)

; Extent of Impairment: | All of Scotts Flat ;TMDL EndLD' Mo/Yr):

oo T T Seen i Reservoir i LT S

Watershed Characteristics

Scotts Flat Reservoir is located on Deer Creek in the Sierra foothills five miles east of Nevada City within
the Yuba River basin. Deer Creek flows approximately 20 miles from Scotts Flat Reservoir to its
confluence with the Yuba River downstream from Lake Englebright. The Yuba River basin comprises
over 12,700 watershed acres and over 1,900 total river miles. Water usage ranges from recreational to
agricultural and municipal to hydroelectric generation, among others. The Yuba River basin is bound by
the Feather River basin on the north, by the Little Truckee River basin on the east, and by the Bear River
and American River basins on the south. Its headwaters are located in the Sierra Nevada snowfields at
elevations ranging up to 9,100 feet above sea level.

Water Quality Objectives Not Attained

The narrative objective for toxicity is not being attained for mercury in Scotts Flat Reservoir. The narrative
toxicity objective in the Basin Plan states, in part, “All waters shall be maintained free of toxic substances
in concentrations that produce detrimental physiological responses in human, plant, animal, or aquatic life.”
The narrative toxicity objective further states that “The Regional Water Board will also consider ...
numerical criteria and guidelines for toxic substances developed by the State Water Board, the California
Office of Environmental Health Hazard Assessment, the California Department of Health Services
(OEHHA), the U.S. Food and Drug Administration, the National Academy of Sciences, the

U.S. Environmental Protection Agency, and other appropriate organizations to evaluate compliance with
this objective” (CRWQCB-CVR, 1998; http://www.swrcb.ca.gov/~rwqch5/bsnplnab.pdf).

Numeric criteria for mercary in fish tissue have been developed for both human health and wildlife
protection. The U.S. Environmental Protection Agency (USEPA) recently established a human health
protection criterion of 0.3 milligrams per kilogram (mg/kg; equivalent to parts per million [ppm])
methylmercury in the edible portions of fish (USEPA, 2001b). This criterion is used to determine
attainment with of the narrative toxicity objective.

Evidence of Impairment

The U.S. Geological Survey (USGS) sampled trophic level 3 and 4 fish from Scotts Flat Reservoir (May et
al, 2000). Trophic level 3 fish feed on zooplankton, phytoplankton, and benthic invertebrates. Trophic
level 4 fish consume trophic level 3 fish as part of their diet. Methylmercury and total mercury
bioaccumulate in aquatic organisms and tend to increase with increasing trophic levels (USEPA, 1997a).
The USGS sampled seven trophic level 4 fish (largemouth bass) on September 7 and 8, 1999. These
trophic level 4 fish had an average mercury concentration of 0.38 ppm, which exceeds the USEPA criterion

of 0.3 ppm. Placer, Yuba, and Nevada counties have issued an interim public health notification for all

lakes and watercourses within these counties based on the USGS data. OEHHA is in the process of
developing a state advisory (Nevada County, 2000).



Extent of Impairment
Scotts Flat Reservoir covers 725 surface acres with 48,500 acre-feet of storage. The entire waterbody is ‘.
impaired by mercury. '

Potential Sources

Several inactive and partially active gold mines exist upstream of Scotts Flat Reservoir within the Yuba
River watershed. The Yuba watershed was historically mined extensively for its hardrock and placer gold
deposits and has been affected by hydraulic mining (Alpers and Hunerlach, 2000).
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science for achanging world

Fact Sheet FS-061-00

Mercury Contamination from Historic Gold Mining in California

By Charles N. Alpers and Michael P. Hunerlach

Mercury contamination from his-
toric gold mines represents a potential
risk to human health and the environ-
ment. This fact sheet provides back-
ground information on the use of
mercury in historic gold mining and
processing operations in California, and
describes a new USGS project that
addresses the potential risks associated
with mercury from these sources, with
emphasis on historic hydraulic mining
areas. o
Miners used mercury (quicksilver)
to recover gold throughout the western
United States at both placer (alluvial)
and hardrock (lode) mines. The vast
majority of mercury lost to the environ-
ment in California was from placer-gold
mines, which used hydraulic, drift, and
dredging methods. At hydraulic mines,
placer ores were broken down with
monitors (or water cannons, fig. 1) and
the resulting slurry was directed through
sluices and drainage tunnels, where gold
particles combined with liquid mercury
to form gold-mercury amalgam. Loss of
mercury in this process was 10 to 30
percent per season (Bowie, 1905),
resulting in highly contaminated sedi-
ments at mine sites (fig. 2). Elevated
mercury concentrations in present-day
mine waters and sediments indicate that
hundreds to thousands of pounds of
mercury remain at each of the many
sites affected by hydraulic mining. High
mercury levels in fish, amphibians, and
invertebrates downstream of the hydrau-

Figure 2. Gold pan with more than 30

grams of mercury from 1 kilogram of
mercury-contaminated sediments.

Figure 1. Monitors (water cannons) were used to break down the gold-bearing gravel
deposits with tremendous volumes of water under high pressure. Some mines
operated several monitors in the same pit. Malakoff Diggings, circa 1860.

lic mines are a consequence of historic
mercury use. On the basis of USGS
studies and other recent work, a better
understanding is emerging of mercury
distribution, ongoing transport, transfor-
mation processes, and the extent of bio-
logical uptake in areas affected by
historic gold mining. This information
will be useful to agencies responsible
for prudent land and resource manage-
ment and for protecting public health.

Origins of Hydraulic Mining

Vast gravel deposits from ancestral
rivers within the Sierra Nevada gold belt
contained large quantities of placer
gold, which provided the basis for the
first large-scale mining in California.
Around 1852, hydraulic mining technol-
ogy evolved, using monitors (fig.1) to
deliver large volumes of water that
stripped the ground of soil, sand, and
gravel above bedrock. The water and
sediment formed slurries that were
directed through linear sluices (fig. 3)
where the gold was recovered. An exten-
sive water transfer system of ditches,

canals, and vertical pipes provided the

sustained water pressure necessary for
hydraulic mining. As mining progressed
into deeper gravels, tunnels were con-
structed to facilitate drainage and to
remove debris from the bottom of
hydraulic mine pits. The tunnels pro-
vided a protected environment for
sluices and a way to discharge processed
sediments (placer tailings) to adjacent
waterways. Hydraulic mines operated on

Figure 3. Gravel deposits were washed
into sluices (from center to lower part
of figure) where gold was recovered.
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deposits with tremendous volumes of water under high pressure. Some mines
operated several monitors in the same pit. Malakoff Diggings, circa 1860.
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distribution, ongoing transport, transfor-
mation processes, and the extent of bio-
logical uptake in areas affected by
historic gold mining: This information
will be useful to agencies responsible
for prudent land and resource manage-
ment and for protecting public health.

Origins of Hydraulic Mining

Vast gravel deposits from ancestral
rivers within the Sierra Nevada gold belt
contained large quantities of placer
gold, which provided the basis for the
first large-scale mining in California.
Around 1852, hydraulic mining technol-
ogy evolved, using monitors (fig.1) to
deliver large volumes of water that
stripped the ground of soil, sand, and
gravel above bedrock. The water and
sediment formed slurries that were
directed through linear sluices (fig. 3)
where the gold was recovered. An exten-

sive water transfer system of ditches,
canals, and vertical pipes provided the

sustained water pressure necessary for
hydraulic mining. As mining progressed
into deeper gravels, tunnels were con-
structed to facilitate drainage and to
remove debris from the bottom of
hydraulic mine pits. The tunnels pro-
vided a protected environment for
sluices and a way to discharge processed
sediments (placer tailings) to adjacent
waterways. Hydraulic mines operated on

Figure 3. Grave! deposits were washed

into sluices (from center to lower part
of figure) where goid was recovered.



a large scale from the 1850s to the 1880s in California’s
northern Sierra Nevada region, where more than 1.5 bil-
lion cubic yards of gold-bearing placer gravels were
worked. In 1884, the Sawyer Decision prohibited dis-
charge of mining debris in the Sierra Nevada region, but
not in the Klamath—Trinity Mountains (fig. 4), where
hydraulic mining continued until the 1950s. Underground
mining of placer deposits (drift mining) and of hardrock
gold—quartz vein deposits produced most of California’s
gold from the mid-1880s to the early 1900s. Dredging of
gold-bearing sediments in the Sierra Nevada foothills has
been an important source of gold since the early 1900s.

Klamath-Trinity Mountains

i ﬁ ,/Area of figure 7

‘ﬁq“l :

Mercury also was used extensively until the early 1960s
in the dredging of flood plain deposits, were over 3.6 bil-
lion cubic yards were mined. Mercury is recovered today
as a by-product from large- and small-scale dredging
operations.
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Most of the mercury used in gold recovery in Cali- it s
fornia was obtained from the Coast Ranges mercury belt ’ ngeled

on the west side of California’s Central \g/alley (ﬁ‘;ﬁ). EXPLANATION * :
Historic mercury production peaked in the late 1870s (fig. aglril:"r;,";?n os '
5). Total mercury production in California between 1850 :

and 1981 was more than 220,000,000 1b (pounds)
(Churchill, 1999). ‘Although most of this mercury was-
exported around the Pacific Rim or transported to Nevada
and other western states, a significant portion (about 12
percent, or 26,000,000 Ib) was used for gold recovery in
California, mostly in the Sierra Nevada and Klamath—

Trinity Mountains.

Figure 4. Locations of past-producing gold and mercury mines in
California. Source: MAS/MILS (Minerals Availability System/
Mineral Information Location System) database compiled by the

former U.S. Bureau of Mines, now archived by the USGS.

developed to address this loss. Fine-grained sediment was
allowed to drop onto the undercurrent, where gold and amalgam
were caught. The entire surface of the undercurrent (as much as
5,000 to 10,000 square feet) typically was covered by copper
plates coated with mercury.

Me’rcl.iry Use in Hydraulic Mining

Gravel and cobbles that entered the sluices caused the
mercury to flour, or break into tiny particles. Flouring was
aggravated by agitation, exposure of mercury to air, and other
chemical reactions. Eventually, the entire bottom of the sluice
became coated with mercury. Some mercury escaped from the
gravel would pass over the mercury and through the sluice through leakage into underlying soils and bedrock, and
sluice. Because such large volumes of turbulent water some was transported downstream with the placer tailings. Some
flowed through the sluice, many of the finer gold and mer-  remobilized placer sediments remain close to their source in
cury particles were washed through and out of the sluice  ravines that drained the hydraulic mines. Minute particles of
before they could settle in the mercury-laden riffles. A - ]
modification known as an undercurrent (fig. 6) was '

In a typical sluice, hundreds of pounds of liquid mer-
cury (several 76-1b flasks) were added to riffles and.
troughs to enhance gold recovery. The density of mercury
is between that of gold and the gravel slurry, so gold and
gold—-mercury amalgam would sink, while the sand and

§ 80
> 1 flask = 76 pounds 18,120,000 pounds
c 5 - peryear, 1877
ga
g 8 60
g ﬁ {™~1884 Sawyer Declsion
'5 40 .
2u :
25 2
s 0
. 1850 1870 1890 1910
Year ; Vv e
Figure 5. Mercury production from mines in the Coast Figure 6. Undercurrent in use, circa 1860, Siskyou County, "
Ranges of California, 1850-1917 (Bradley, 1918). California. _
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All gold mines

Figure 7. Watersheds in the northwestern Sierra Nevada of
California showing past-producing gold mines (as in figure 4)

and major Eplacer and hardrock gold mines. Source: USGS
KNOWNDEP database {Long and others, 1998).

quicksilver were found floating on surface water as far as 20
miles downstream of mining operations (Bowie, 1905).

Averill (1946) estimated that, under the best operating
conditions, 10 percent of the mercury used was lost and,
under average conditions, the annual loss of mercury was up
to 30 percent. Mercury use varied from 0.1 to 0.36 pounds
per square foot of sluice. We estimate that a typical sluice had
an area of 2,400 square feet and used up to 800 Ib of mercury
during initial start-up, after which several additional 76-1b
flasks were added weekly to monthly throughout its operating
season (generally 6 to 8 months, depending on water avail-

bility). Assuming a 10-30 percent loss, the annual loss of

mercury from a typical sluice was likely several hundred

pounds during the operating season. From the 1860s through
the early 1900s, hundreds of hydraulic placer-gold mines
operated in the Sierra Nevada. The total amount of mercury
lost to the environment from these operations may have been
3-8 million Ib or more, from estimates by Churchill (1999)
that about 26,000,000 Ib of mercury were used in California.
Historic records indicate that about 3 million 1b of mercury
were used at hardrock mines in stamp mills, where ores were
crushed. Mercury was also used extensively at drift mines
and in dredging operations. The present distribution and fate
of the mercury used in historic gold mining operations
remains largely unknown, and is the focus of ongoing studies.

The Bear-Yuba Project

The northwestern Sierra Nevada region has been mined
extensively for both its hardrock-gold and placer-gold depos-
its (fig. 7). The American, Bear, Yuba, and Feather River
watersheds each have been affected by hydraulic mining. In
the northwestern Sierra Nevada, the highest average levels of
mercury bioaccumulation occur in the Bear River and South
Yuba River watersheds (Slotton and others, 1997). USGS sci-
entists (Hunerlach and others, 1999) have demonstrated a
positive correlation of mercury bioaccumulation with inten-
sity of hydraulic gravel mined in the Sierra Nevada (fig. 8).
The Bear River and South Yuba River watersheds have been
selected by the USGS and federal land management agencies
(the Bureau of Land Management and the Forest Service) as
well as state and local agencies (see last page) for detailed
studies of mercury distribution in relation to historic mine
sites. In April 1999, the study team began sampling water,
sediment, and biota at mine sites identified as containing mer-
cury “hot spots,” where remediation might reduce risks to
human health and the environment. The USGS is also analyz-
ing mercury in sport fish from several lakes and streams in the
Bear River and South Yuba River watersheds to allow assess-
ment of potential risks to human health from fish
consumption.
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Average mercury in tissue,
in micrograms per gram

0.05

0 2,000 4,000 6,000 8,000 10,000 12,000
Gravel mined, in cubic yards per square mile

- Figure 8. Relationship between intensity of hydraulic mining
in Sierra Nevada watersheds and average mercury
concentration in tissues of aquatic organisms. Modified
from Hunerlach and others (1999). Mercury data from
Slotton and others (1997).
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Figure 9. Schematic diagram showing transport and fate of mercury and potentially contaminated sediments from the

mountain headwaters (hydraulic and drift mine environment) through rivers, reservoirs, and the flood plain, and into an

estuary. A simplified mercury cycle is shown, including overall methylation reactions and bioaccumuiation; the actual

cycling is much more complex. Hg(0), elemental mercury; Hg(l1), ionic mercury (mercuric ion); CHiHg*, methylmercury; DOC,

dissolved organic carbon. (.
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Mercury Methylation and Biomagnification

Mercury occurs in several different geochemical forms,
including elemental mercury [Hg(0)], ionic (or oxidized)
mercury [Hg(ll)], and a suite of organic forms, the most
important of which is methylmercury (CH3Hg*). Methylmercury
is the form most readily incorporated into biological tissues

* and most toxic to humans. The transformation from elemental

mercury to methylmercury is a complex biogeochemical
process that requires at least two steps, as shown in figure 9:
(1) Oxidation of Hg(0) to Hg(ll), followed by (2) Transformation
from Hg(ll) to CH3Hg*; step "2" is referred to as methylation.
Mercury methylation is controlled by sulfate-reducing bacteria
and other microbes that tend to thrive in conditions of low
dissolved oxygen, such as the sediment-water interface or in
algal mats. Numerous environmental factors influence the
rates of mercury methylation and the reverse reaction known
as demethylation. These factors include temperature, dissolved
organic carbon;, salinity, acidity (pH), oxidation-reduction
conditions, and the form and concentration of sulfur in water
and sediments.

The concentration of CH3zHg* generally increases by a
factor of ten or less with each step up the food chain, a process
known as biomagnification. Therefore, even though the
concentrations of Hg(0), Hg(ll). and CH3Hg" in water may be
very low and deemed safe for human consumption as drinking
water, CH3Hg* concentration levels in fish, especially predatory
species such as bass and catfish, may reach levels that are
considered potentially harmful to humans and fish-eating
wildlife, such as bald eagles:

Methylmercury (CH3Hg*) isa potent neurotoxm
that impairs the nervous system. Fetuses and young
children are more sensitive to methylmercury exposure
than adults. Methylmercury can cause many types of
problems in children, including brain and nervous
system damage, retardation of development, mental
impairment, seizures, abnormal muscle tone, and
problems in coordination. Therefore, the consumption
guidelines in areas where CH3Hg" is known to occur in
fish at potentially harmfui levels tend to be more
restrictive for children as well as for pregnant women,
nursing mothers, and women of childbearing age.

In the United States, as of 1998, there were a total

substances, of which 1,931 (more than 75 percent) were
for mercury. Forty states have issued advisories for
mercury, and ten states have statewide advisories for
mercury in all freshwater lakes and (or) rivers.

In California, as of 1999, there were fish
consumption advisories for mercury in 13 waterbodies,
including the San Francisco Bay and Delta Region and
several areas in the Coast Ranges affected by mercury
mining (fig. 10; compare with fig. 4). Data on CH3Hg*
tevels in fish are presently insufficient for public
agencies to determine whether advisories are
warranted for lakes and rivers in areas affected by

storic gold mining, such as the Sierra Nevada
othills,

’Flsh Consumptlon Adwsorles for Mercury

of 2,506 fish and wildlife consumption advisories for all

Water bodies labelled in red
italics have fish consumption
advisories for mercury. -

Herman

San Francisco
Bay and Delta

. Guadalupe -
Creel and River
Guadalupe

Reservoir

Almaden
Reservoir
Lake
Nacimiento

Figure 10. Locations of health advisories for mercury in sport fish
consumption in California. Source: California Office of Environmental |
Health Hazard Assessment, 1999. Lake Pillsbury has interim advisory
by Lake County; state advisory pending, as of May 2000.




Lake in hydraulic mine pit caused by blocked drainage tunnel. Acidic
water in this pit lake (pH 3.5) caused by oxidation of sulfide minerals in
gold-bearing gravel deposits.

Physxcal hazards at hydraultc mine sxte.s mclude hxghwaIIs (Ieﬁ photo) and 0pen
shafis (right photo). Highwalls are steep unstable slopes subject to sudden
collapse. Shafls vary from tens to hundreds of feet in depth and connect with hori-
zontal mine workings including drift mines and drainage tunnels.
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Mercury Bioaccumulation in Fish in a Region Affected by

Historic Gold Mining:

The South Yuba River, Deer Creek, and Bear River

Watersheds, California, 1999

By Jason T. May, Roger L. Hothem, Charles N.
Alpers, and Matthew A. Law

ABSTRACT

Mercury that was used historically for gold
recovery in mining areas of the Sierra Nevada
continues to enter local and downstream water
bodies, including the Sacramento—San Joaquin
Delta and the San Francisco Bay of northern Cali-
fornia. Methylmercury is of particular concern
because it is the most prevalent form of mercury
in fish and is a potent neurotoxin that bioaccumu-
lates at successive trophic levels within food
webs. In April 1999, the U.S. Geological Survey,
in cooperation with several other agencies—the
Forest Service (U.S. Department of Agriculture),
the Bureau of Land Management, the U.S. Envi-
ronmental Protection Agency, the California State
Water Resources Control Board, and the Nevada
County Resource Conservation District—began a
pilot investigation to characterize the occurrence
and distribution of mercury in water, sediment,
and biota in the South Yuba River, Deer Creek,
and Bear River watersheds of California. Biologi-
cal samples consisted of semi-aquatic and aquatic
insects, amphibians, bird eggs, and fish.

Fish were collected from 5 reservoirs and

14 stream sites during August through October
1999 to assess the distribution of mercury in these

watersheds. Fish that were collected from reser-
voirs included top trophic level predators (black
basses, Micropterus spp.), intermediate trophic
level predators [sunfish (blue gill, Lepomis mac-
rochirus; green sunfish, Lepomis cyanellus; and
black crappie, Poxomis nigromaculatus)), and
benthic omnivores (channel catfish, lctularus
punctatus). At stream sites, the species collected
were upper trophic level salmonids (brown trout,
Salmo trutta) and upper-to-intermediate trophic
level salmonids (rainbow trout, Oncorhynchus
mykiss).

Boneless and skinless fillet portions from
161 fish were analyzed for total mercury; 131
samples were individual fish, and the remaining
30 fish were combined into 10 composite samples
of three fish each of the same species and size
class. Mercury concentrations in samples of black
basses (Micropterus spp.), including largemouth,
smallmouth, and spotted bass, ranged from 0.20
to 1.5 parts per million (ppm), wet basis. Mercury
concentrations in sunfish ranged from less than
0.10 to 0.41 ppm (wet). Channel catfish had mer-
cury concentrations from 0.16 to 0.75 ppm (wet).
The range of mercury concentrations observed in

rainbow trout was from 0.06 to 0.38 ppm (wet),

and in brown trout was from 0.02 to 0.43 ppm
(wet). Mercury concentrations in trout were
greater than 0.3 ppm in samples from three of 14
stream sites. Mercury at elevated concentrations
may pose a health risk to piscivorous wildlife and
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to humans who eat fish on a regular basis. Data
presented in this report may be useful to local,
state, and federal agencies responsible for assess-
ing the potential risks associated with elevated

levels of mercury in fish in the South Yuba River,
Deer Creek, and Bear River watersheds.

INTRODUCTION

Overview of Mercury Use in Historic Gold Mining

Mercury associated with historic gold mining has
likely been contaminating water bodies of the Central
Valley, the Sacramento—San Joaquin Delta, and the
San Francisco Bay Estuary for the past 150 years. Lig-
uid mercury (quicksilver) was used extensively to aid
in the recovery of gold from placer and hard-rock ores
(Alpers and Hunerlach, 2000). In California, mercury
was mined and refined in the Coast Ranges and then
transported to the Sierra Nevada and Klamath and
Trinity mountains for use in gold extraction. Churchill
(1999) estimated that 26 million 1b of mercury were
used for the processing of gold in the Sierra Nevada
region, mostly during California’s historic Gold Rush
period (late 1840s to 1880s). A large portion of the
mercury used in hydraulic mining of placer ores was
lost to the environment; typically, 10 to 30 percent was
lost per season of gold processing (Bowie, 1905).
Moreover, it is common to find visible quantities of
elemental mercury still present in many mining areas
of the Sierra Nevada and Trinity Mountains (M.P.
Hunerlach, U.S. Geological Survey, oral commun.,
2000).

Study Background

Preliminary assessments of mercury bioaccumula-
tion in the northwestern Sierra Nevada indicate that
the South Yuba River, Deer Creek, and Bear River
watersheds are among the areas most severely affected
by hydraulic mining and mercury contamination.
Investigations by Slotton and others (1997) of mercury
concentrations primarily in stream macroinvertebrates
and stream fish at 57 sites in five watersheds in the
northwestern Sierra Nevada region indicate that most
of the highest concentrations of mercury are in the
South Yuba River, Deer Creek, and Bear River water-
sheds. More recent studies in these watersheds report

elevated concentrations of mercury and methylmer-
cury in streambed sediments and water samples
(Domagalski, 1998; Hunerlach and others, 1999; U.S.
Geological Survey, 2000). Additionally, these water-
sheds contain extensive federal lands with numerous
historic gold mines (fig. 1). For this reason, the South
Yuba River, Deer Creek, and Bear River watersheds
were selected by the U.S. Geological Survey (USGS),
the federal land management agencies (the Bureau of
Land Management and the U.S. Department of Agri-
culture’s Forest Service), and state and local agencies
as high priority areas for detailed studies of the distri-
bution of mercury contamination (Alpers and
Hunerlach, 2000).

The primary objectives of the overall multiagency
investigation of abandoned mine lands in the South
Yuba, Deer Creek, and Bear River watersheds are to
document the occurrence and distribution of mercury
in these watersheds and to identify mercury “hot
spots” on federal lands for potential remediation. In
April 1999, a team of scientists from the USGS and
the cooperating agencies began collecting water, sedi-
ment, and biological Samples, either directly from his-
toric mine sites or from water bodies proximal to the
mine sites, as well as from downstream receiving
waters. Although biological samples included preda-
tory aquatic and semiaquatic insects, amphibians, bird
eggs, and fish, only the data on total mercury concen-
trations in fish are presented in this report.

Human and Wildlife Health Concerns

Methylmercury (CH3Hg+) is a potent neurotoxin
and is one of the most toxic forms of mercury. Human
fetuses and young children, as well as wildlife, are
most sensitive to methylmercury exposure (Davidson
and others, 1998; Wolfe and others, 1998). Human
exposure to methylmercury comes almost entirely
from consumption of contaminated fish; methylmer-
cury accounts for greater than 95 percent of the total
mercury in fish tissue (Bloom, 1992). Because of the
known ratio of methylmercury to total mercury in fish
tissues, and the high costs associated with methylmer-
cury analyses, the U.S. Environmental Protection

v Agency (EPA) recommends the analysis of total mer-

cury concentration in fish for reconnaissance studies
of water bodies potentially contaminated with mercury
(U.S. Environmental Protection Agency, 1995).
Levels of mercury contamination in several water
bodies in northern California, primarily in the Coast

2 Mercury Bloaccummiatlon In Fish: South Yuba Rlver, Deer Creek, and Bear River Watersheds, CA, 1999
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Ranges, the Sacramento—San Joaquin Delta, and the
San Francisco Bay, are sufficiently high that public
health advisories have been posted for fish consump-
tion (Office of Environmental Health Hazard Assess-
ment, 1999). In California, public health advisories for
fish consumption are issued for individual water bod-
ies by the Office of Environmental Health Hazard
Assessment (OEHHA), which is part of the California
Environmental Protection Agency. Guidance regarding
consumption of mercury-contaminated fish is issued
by several federal agencies, including the:Food and
Drug Administration (FDA), the Agency for Toxic
Substances and Disease Registry, and the EPA. The
FDA's action level for regulating mercury concentra-
tions in commercial fish is 1.0 mg/kg, wet basis, which
is equivalent to 1.0 part per million (ppm) (Foulke,
1994). Both EPA and OEHHA have health risk-
assessment procedures with associated screening
values (SV) for mercury concentrations in fish. An SV
is defined as a contaminant concentration associated

with the frequent consumption of contaminated fish
that may be of human health concern. SV's are not
intended to represent levels at which fish consumption
advisories should be issued, but rather are levels at
which recommendations may be made for more inten-
sive sampling, analysis, or health evaluation efforts.
OEHHA uses an SV of 300 parts per billion or

0.30 ppm for mercury concentrations in fish tissue
(Brodberg and Pollock, 1999)..

Critical levels of mercury concentrations in fish
for wildlife health are somewhat uncertain, because of
differences in the sensitivity of specific species. To
date, no official mercury SVs are established for the
health of piscivorous wildlife. However, mercury con-
centrations in fish of 0.30 ppm, and lower, have been
commonly associated with adverse wildlife health
effects (U.S. Environmental Protection Agency, 1997;
Wolfe and others, 1998). '

Purpose and Scope

The goals of this project are to investigate and
identify “hot spots” for mercury contamination and to
evaluate bioaccumulation pathways for mercury in the
South Yuba River, Deer Creek, and Bear River water-
sheds, California. This report describes the data from a
reconnaissance survey of mercury concentrations in
edible fish tissues, from selected species in these
watersheds. Predatory sport fish were targeted for col-
lection from reservoirs and streams. In most

reservoirs, largemouth bass (Micropterus salmoides)
was the primary target species. Additional sport fish

. collected from reservoirs included smallmouth bass
(Micropterus dolomieu), spotted bass (Micropterus
punctulatus), channel catfish (Ictalurus punctatus),
bluegill (Lepomis macrochirus), green sunfish (Lepo-
mis cyanellus), and black crappie (Poxomis nigromac-
ulatus). A small number of brown trout (Salmo trutta)
and rainbow trout (Oncorhynchus mykiss) were taken
from some reservoirs; at stream sites, brown trout and
rainbow trout were the only species collected.

The collection of a variety of species provides a
qualitative insight into processes of mercury bioaccu-
mulation at different trophic positions within a given
fish community. The three black bass species
(Micropterus spp.) collected in this study are top level
predators, but in slightly distinct ecological niches,
with diets that include other fish, amphibians, and
invertebrates (Moyle, 1976). The bluegill, ‘green sun-
fish, and black crappie are intermediate predators
feeding on invertebrates and small fish. Channel cat-
fish is the only benthic omnivore that was collected in
this study. Although both rainbow and brown trout are
mostly insectivores in early life stages, brown trout
show a greater tendency for piscivory as they mature
(Moyle, 1976). Therefore, brown trout are expected to
bioaccumulate higher levels of mercury than rainbow
trout.

Published data for mercury concentrations in fish
tissues for the study area report the presence of ele-
vated levels of mercury in fish from some water bodies
of the South Yuba River, Deer Creek, and Bear River
watersheds (Slotton and others, 1997; State Water
Resources Control Board, accessed July 3, 2000). The
available data for Lake Englebright in the South Yuba
watershed are taken from nine fish samples represent-
ing five different species (Slotton and others, 1997).
For Rollins Reservoir in the Bear River watershed,
available mercury data from the State of California's
Toxic Substance Monitoring Program (TSMP) data-
base consist of four fish samples of three different spe-
cies, and for Camp Far West Reservoir, also in the
Bear River watershed, there are existing data for two

* samples of largemouth bass (State Water Resources

Control Board, accessed July 3, 2000). In addition,
Hunerlach and others (1999) reported mercury con-
centrations for five samples of rainbow trout from the
Dutch Flat Afterbay in the Bear River watershed. No
data on mercury concentrations in fish had previously
been available for Scotts Flat Reservoir in the Deer

4 Mercury Bioaccummiation In Fish: South Yuba River, Deer Creek, and Bear River Watersheds, CA, 1999



Creek watershed or Lake Combie in the Bear River
watershed.

Boneless and skinless fillet portions from 161 fish
were analyzed for total mercury; 131 samples were
individual fish, and the remaining 10 samples were
composites of three fish, each of the same species and
size class. Total mercury concentrations are presented
in this report for 141 samples, both on a dry and wet
basis; tissue moisture, the sizes (total length and total
mass) of individual fish sampled, and average fish size
data for composite samples also are reported. The data
included in this report may be helpful to local, state,
and federal agencies that are responsible for assessing
the potential risks from mercury bioaccumulation to
public health and ecosystem integrity in these water-
sheds.
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STUDY DESIGN AND METHODS

Sample Collection and Processing

During August through October 1999, the USGS
collected fish from 5 reservoirs and 14 stream loca-
tions in the watersheds of the South Yuba River, Deer
Creek, and the Bear River. Fish were collected from
Lake Englebright, Scotts Flat Reservoir, Rollins Res-
ervoir, Lake Combie, and Camp Far West Reservoir
(fig. 2). The stream sampling sites (fig. 2, table 1)
included areas near the reservoirs, historic mine sites,
and two “reference” sites upstream of known historic
gold-mining activity. Complete site names are given in
the Appendix and abbreviated versions are given in
table 1. '

Most fish were collected from reservoirs and
streams using electrofishing equipment; two fish were
collected by hook and line, and one fish by dip-net-
ting. Rainbow trout stocked for fishing purposes were
not collected during this study; stocked rainbow trout
were differentiated from native trout by the presence
of fused and bent fin rays. Fish were held in clean
buckets or tubs with ambient water until they were
weighed, to the nearest gram, and measured for stan-
dard and total length, in millimeters. The standard
length is the distance from the upper lip to the poste-
rior end of the vertebral column, excluding the caudal
fin rays. After recording the length and weight, spines
were removed from the channel catfish for age deter-
mination (to be published separately). Each fish was
then wrapped in clean, heavy-duty aluminum foil,
labeled, and placed in a plastic bag on wet ice for less
than 8 hours. They were then taken to the laboratory
where they were stored frozen until processing.

The processing of fish followed standard proce-
dures (U.S. Environmental Protection Agency, 1995).
Fish were handled with powder-free vinyl gloves, and
dissections were performed on a new sheet of heavy-

" duty aluminum foil for each fish. High-quality stain-

less steel instruments and disposable scalpel blades

were used in the processing of fish samples, and

" instruments were cleaned thoroughly between sam-

ples. Cleaning of the instruments involved washing
with polished water (deionized water, further refined
with an additional step to remove organic compounds)
and laboratory detergent, acid washing, and finally

Study Deslign and Methods 5
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rinsing the instruments with polished water before and
after dissections of each fish specimen. Fish were
thawed and scaled, or the skin was removed (on scale-
less fish such as channel catfish) before dissection.
Scales were removed for age determination (to be pub-
lished separately). Boneless and skinless fillet portions
were dissected from the upper medial-axial region of
the fish in an approximately rectangular shape.
Excised tissues were placed directly into labeled,
chemically cleaned borosilicate glass jars on a pre-
tared balance, the sample weight was recorded, and
Teflon-lined lids were then screwed atop jars and
sealed with Parafilm. Fish tissue samples were stored
frozen in sealed sample jars until they were packed in
coolers with dry ice and shipped to the analytical
laboratory. .

Muscle tissues were removed from both the left
and right fillet of each fish processed during this study.
Tissues dissected from the left fillet were labeled
either with sample numbers beginning with “F” for
individual samples or with “C” for composite samples.
Composite samples were used for initial screening of
mercury concentrations. The composite samples con-
sisted of similarly sized tissue portions (within a tenth
of a gram in most cases) from three fish of the same
species that were within the same size class (that is,

. the smallest fish in the composite was at least 75 per-
cent of the total weight and total length of the largest
fish in the composite). Tissues removed from the right
fillet were labeled with sample numbers beginning
with “R.” These samples served as archive samples

- that, in some cases, were later analyzed. Also, unless.
otherwise noted, “R” sample numbers that are listed in
tables in this report indicate that a sample was initially
analyzed as part of a composite and then later ana-
lyzed as an individual (from the archive tissue). In this
situation, only the mercury concentrations for the indi-
vidual samples are presented in this report.

Because multiple species of various sizes were
collected in this study, there was a range in tissue sam-
ple weights collected. The ranges of sample weights
submitted for analysis of each species were black
crappie, 3 g; bluegill, 2-5 g; green sunfish, 3-5 g;
rainbow trout, 2~10 g; brown trout, 5~15 g; small-
mouth bass, 10 g; largemouth bass, 10-20 g; spotted
bass, 10-20 g; and channel catfish 25~137 g. The
actual sample weight excised from each fish fillet sam-
ple (or the average weight for composite samples) is
listed in the data table for each sampling area, pre-
sented later in the report.

Fish samples were submitted to two analytical lab-
oratories for total mercury analyses. The primary labo-
ratory was the Trace Element Research Laboratory
(TERL) at Texas A&M University in College Station,
Texas. The U.S. Fish and Wildlife Service, through its
Patuxent Analytical Control Facility in Patuxent,
Maryland, has certified this laboratory for the analysis

of trace elements in biological tissues. A second labo-

ratory, Frontier Geosciences, Incorporated (FGS) in

Seattle, Washington, was used for interlaboratory
comparisons. The EPA, through their contractor Ecol-
ogy & Environment, funded one group of analyses by
FGS for this study; another group of analyses by FGS
was contracted directly by the USGS.

Statistical Methods

Nonparametric statistical methods were used in
this study because the data sets available for each col-
lection area were relatively small, and a large portion
of the data were not normally distributed. Nonpara-
metric statistics, in general, are not sensitive to small
sample sizes or to the potential bias of outlying values
or nonnormally distributed data (Helsel and Hirsch,
1992). Geometric means were calculated for mercury
concentrations because the geometric mean is less sen-
sitive to nonnormally distributed data. The Wilcoxon
paired-sample test was used to evaluate whether there
were significant differences between the split sample
values from the two independent laboratories. Spear-
man’s rank correlation (Lehmann, 1975) was used to
evaluate the correlations between mercury concentra-
tion and fish size (total length and total mass) within
specific reservoirs. Statistical analyses were per-
formed on mercury concentrations both on a wet and

dry basis.

Laboratory Methods

Samples were packed in coolers on dry ice and
shipped to the designated laboratories, with chain of
custody documentation. All sample materials were
received in good condition and recorded according to
standard protocols by the receiving laboratories.

Trace Element Research Laboratory

Mercury concentrations were determined at TERL
by cold-vapor atomic absorption spectroscopy '
(CVAAS) using EPA methods 245.5 and 245.6 (U.S.
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Environmental Protection Agency, 1991). Prior to
analysis by CVAAS, whole tissue samples were
homogenized with a tissumizer in the original sample
containers. After freeze-drying, samples were
digested with nitric acid, sulfuric acid, potassium per-
manganate, and potassium persulfate in polypropy-.
lene tubes in a water bath at 90-95°C. Before
analysis, hydroxylamine hydrochloride was added to

reduce excess permanganate, and the samples were
brought to volume with distilled, deionized water.

Tissue moisture content was determined by the
weight loss upon freeze-drying and is expressed as
weight percent of the original wet sample. Depending
on sample size, either the whole sample or a represen-
tative aliquot was frozen, then dried under vacuum
until a constant weight was attained. Sample size
prior to freeze-drying was typically 5 g. Samples
were prepared and dried using plastic materials to
minimize potential contamination artifacts that might
affect subsequent mercury analysis.

Frontier Geosciences Laboretory v

Mercury analyses at FGS were performed using
cold vapor atomic-fluorescence spectroscopy
(CVAFS) using a modification of EPA method 1631
(U.S. Environmental Protection Agency, 1991). Prior
to analysis by CVAFS, whole tissue samples were
homogenized; for larger fish tissue samples, a food
processor was used. For smaller fish tissue samples,
homogenization was performed by chopping the fillet
with a clean razor blade. Before and after homogeni-
zation, blanks were collected to confirm the absence
of contamination. After homogenization, a subsample
consisting of approximately 0.5 g of wet tissue was
digested in a 40-mL borosilicate glass vial. Digestion
was accomplished using a hot mixture of 70 percent
nitric acid and 30 percent sulfuric acid for a period of
approximately 2 hours, after which samples were
diluted up to a final volume of 40 mL with a solution
of 10 percent bromine chloride. Aliquots of each
digestate were analyzed by tin-chloride reduction and
dual gold-amalgamation CVAFS.

Quality Assurance and Quality Control

Both laboratories (TERL and FGS) performed
internal quality assurance—quality control (QA-QC)
measures. In addition, interlaboratory comparisons
were made for numerous fish samples. Both laborato-
ries conducted duplicate, blank, standard reference
material (SRM), and spike recovery analyses.

Trace Element Research Laboratory

The analyses performed at TERL on samples
from individual fish for this study were done in
groups of 23, 42, and 66, for a total of 131. In addi-
tion, composite analyses were done with the first two
groups of samples. Considering all three groups of
analyses, 10 of each type of the QA-QC analyses
were performed on duplicates, blanks, SRMs, and

spike recoveries.

The variability of duplicate analyses was com-
pared using the following formula for relative per-
cent difference (RPD):

RPD = 100 x {(m, - m,)/[(m, +m;)/2]} (1)

where m; and my, are the two measurements being
compared. The 10 duplicates had RPD values rang-
ing from 0.27 to 15 percent, with 8 of the 10 values
being less than 6 percent.

Procedural blanks were analyzed to assure that
no analyte was added during the processing of the
samples. All blanks analyzed by TERL were within
an acceptable range.

The SRM used by TERL was dogﬁsh (Squalus
sp.) muscle, certified by the National Research Coun-
cil of Canada (NRCC) as DORM-2, which has a cer-
tified reference value (CRV) of 4.64 ppm mercury
(dry basis). Analyses of the SRM by TERL ranged
from 4.17 to 4.88 ppm with an average value of 4.59
ppm mercury (dry basis), about 99 percent of the
CRV.

Spike recoveries were done by addmg rnercury
in the amount of about 4.00 to 5.40 ppm (dry basis)
to samples in each group of analyses. The spike
recoveries for ten such analyses ranged from 90.2 to
110 percent, all within acceptable limits.

Frontier Geosciences Laboratory

The analyses at the FGS laboratory were done in
two groups, consisting of 31 and 11 individual fish
samples. For each group, method blanks were ana-
lyzed to estimate the method detection limit (MDL).
For the group of 31 samples, six method blanks were
analyzed, from which an estimated MDL of 0.00051
ppm (wet basis) was determined. For the group of 11
samples, three method blanks were used to obtain an
estimated MDL of 0.00025 ppm (wet basis).

A total of three replicate analyses of total mer-
cury in fish tissue were done for the two groups of
samples. The RPD values for these replicates ranged
from 3.1 to 19.3 percent. Two analytical replicates
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also were done by FGS on moisture content analy-
ses, giving RPD values of 0.5 and 1.4 percent. Addi-
tionally, three blind replicate samples were submitted
to FGS as part of the first group of 31 analyses. The
RPD values for the blind replicates ranged from 0 to
22 percent.

The SRM used by FGS was the same dogfish
muscle standard (NRCC DORM-2) used by TERL, -
with a CRV of 4.64 ppm (dry basis). Three analyses
by FGS ranged from 4.07 to 4.62 ppm (dry basis),
with an average value of 4.31 ppm (dry basis), which
is 92.8 percent of the CRV. The relatively low value
for the SRM suggests that FGS results might have
been biased toward the low side. Concerns regard-
ing this possible bias, however, were mitigated on the
basis of results of the interlaboratory comparisons,
described later in this section. .

FGS conducted spike recoveries on a total of six
samples in the two groups of analyses. The spike lev-
els ranged from 1.08 to 1.89 ppm (wet basis). The
final reported recovery rates ranged from 98.3 to 111
percent. The initial analysis of one spiked sample
gave a recovery of 128 percent, which exceeded the
QC acceptance limit of FGS (125 percent). However,
this sample was redone, and the rerun gave a spike
recovery of 108 percent, which was within the
acceptable range.

Interlaboraibry Cdmparisons for Quality Control

Interlaboratory comparisons between TERL and
FGS were performed on a total of 34 fish tissue sam-
ples (table 2). In some of the interlaboratory compar-
isons, one laboratory analyzed fish muscle tissue
from the left fillet and the other laboratory analyzed-
_ tissue from the right fillet. Other comparisons were
made in which both laboratories analyzed subsam-
ples of tissue from the right fillet.

The Wilcoxon sign-rank test, used to compare -
mercury concentrations (wet basis) reported from the
two laboratories, indicated no significant difference
(p = 0.34, alpha = 0.001) in values reported between
TERL and FGS. Statistical analysis also was
performed on the dry basis analyses. There was no
difference in the outcome of the statistical analysis,
so the comparisons are reported on a wet basis only.

In addition, RPD values were calculated as a second
quality-control check on interlaboratory compari-
sons. RPD values of less than 30 percent were con-
sidered acceptable for these comparisons. Most
interlaboratory comparisons yielded acceptable
results; only 8 of 34 of the comparisons have RPD

values greater than £30 percent and 6 of 34 compari-
sons have RPD values greater than 20 percent

(table 2). The arithmetic mean of RPD absolute values
for the 34 comparisons is 15 percent, and the median
absolute value is 11.6 percent. A correlation plot of
the interlaboratory comparison data (fig. 3) indicates
that there is no apparent bias toward higher mercury
concentrations from one laboratory in relation to the
other.

Results of both the individual laboratory QA-QC
efforts and the interlaboratory comparisons (fig. 3,
table 2) indicate that a high level of confidence is war-
ranted in the accuracy of the data reported in this
study for total mercury concentrations in fish tissue.

MERCURY CONCENTRATIONS IN FISH

Samples of 161 fish from 5 reservoirs and 14
stream sites in the South Yuba River, Deer Creek, and
Bear River watersheds (fig. 2) were analyzed for total
mercury in boneless and skinless upper-medial-axial
muscle tissue. Analyses on 141 samples were done,
with 131 as individual samples, and 10 as composite
samples of three fish each. All results for total mer-
cury concentrations in fish tissue are reported from
the primary analytical laboratory, TERL, in parts per
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Figure 3. Correlation plot of interlaboratory comparisons for
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analysis of right fillets. Dashed line represents theoretical line of
perfect agreement. See table 2 for data.
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million (ppm), wet basis, with two significant figures,
unless noted otherwise.

Reservoirs -

Lake Englebright

Twenty-one fish were collected for this study
from Lake Englebright (table 3). Most samples (14)
were collected from the South Yuba River arm of the
reservoir near the Point Defiance campground (site 5,
fig. 2), and the others were taken from the vicinity of
Hogsback Ravine, a cove in the lower part of the lake
near Englebright Dam (site 6, fig. 2). There were not
enough data to test for differences of specific within-
lake locations. Fourteen smallmouth bass were col-
lected, including twelve from the South Yuba River
arm. The smallmouth bass show a trend of increasing
mercury concentration with increasing length and
mass (fig. 4). Spearman’s rank correlations for the 14
smallmouth bass samples (table 3) indicate significant
(alpha = 0.05) relations between mercury concentration
and total length (p < 0.001, rho = 0.88) and between
mercury concentration and total mass (p < 0.001,
tho = 0.94). Mercury concentrations in all 14 small-
mouth bass, as well as the 3 spotted bass from Lake
Englebright, were higher than OEHHA’s screening
value (SV) of 0.30 ppm. The geometric mean mercury
concentration for the 14 smallmouth bass samples is
0.63 ppm. Mercury concentrations in the two large-
mouth bass collected for this study from Lake Eng-
lebright, however, were less than 0.30 ppm (fig. 4).

Slotton and others (1997) reported a smallmouth
bass from Lake Englebright with a mercury concen-
tration of 0.53 ppm, which fits the trend established
by data from this study (fig. 4). The largemouth bass
reported by Slotton and others (1997) had a mercury
concentration of 0.64 ppm (fig. 4). Mercury concen-
trations reported by Slotton and others (1997) for spe-
cies not sampled in the current study include 0.47
ppm in one sample of hardhead (Mylopharodon cono-
cephalus), 0.88 ppm in one sample of common carp
(Cyprinus carpio), and from 0.41 to 0.89 ppm in five
samples of Sacramento sucker (Catostomus
occidentalis).

A
1.0 T T T T T T T T T T Y
- I 1 1 I I 1 IA 3
[ | ® Greensunfish ]
N Y Largemouth bass <]
[ | A Smaimouthbass A 3
_ 08 [ | M Spotted bass N -
3 [ | Note: Blue symbols Indicate data ]
é ol b from Slotton and others {1997) ‘ _:
E o) ]
.5 06 :- g X “
: | :
[ ol . -
g 05| 4 :
L2 L ]
] 0 o -
Q. -4 - . .
£ o .
o F OEHHA screeningualue _ _ _ | _ _ o o - = e =
5 03 | - SEVEEINES - - - .
= [ [
: ,f 3
02 & . : 3
[ . [ ] ]
o ' . -
01 F -
[ ™ - p
: . 1 L i
0.‘-.I....l....l....l....l ............

0 50 100 150 200 250 300 350 400
Total length, in millimeters

B
1.0 T T T T Y
F - A
[-| 8 Greensunfish
05 -le Largemouth bass e
[ | A Smaimouth bass A 3
__ 08 | M sponedbass e
-2 [, | Note: Blue symbots indlcate data - A ]
g 07 - from Slotton and others {1937} A A k
g 4
506 A\ 3
2 05 | A -
j 21
S04 3
s F u f
203 [ ~ DEHHAsGEeningyalNe | _ L o o D e m o e - - - 3
2 [ ]
Q o
Zo02f 3
[ [ ]
01 F L 3
o L
0:‘4..1....|....|....|....|...'
0 100 200 300 400 500 600

Total mass, in grams

Figure 4. Mercury concentration for fish collected from Lake
Englebright, California, 1999. A, In relation to total length. 8, In
relation to total mass. Dashed horizontal line at mercury
concentration of 0.3 ppm represents a screening value provided
by the Office of Environmental Health Hazard Assessment
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Scotts Flat Reservoir
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Figure 5. Mercury concentration for fish collected from Scotts Flat
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Environmental Health Hazard Assessment (Brodberg and Pollock,
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Rollins Reservoir

Twenty-eight fish analyses are reported for Roll-

ins Reservoir; 18 samples were collected from the
Bear River arm and 10 from the Greenhorn Creek arm
(sites 18 and 17 respectively, fig. 2; table 5). There are
not enough data to test for within-lake differences
between these sampling sites. Fifteen of the 28 sam-
ples from Rollins Reservoir contained mercury con-
centrations greater than 0.30 ppm. Of the Rollins

Reservoir samples analyzed for this study, channel
catfish had the highest concentrations of mercury; the
geometric mean for 13 catfish samples is 0,35 ppm.
No clear relation is evident between fish length or
mass and mercury concentration in the channel catfish
(fig. 6). Spearman’s rank correlations indicate nonsig-
nificant (alpha = 0.05) relations between mercury
concentration and total length (p = 0.94, rho = - 0.02)
and between mercury concentration and total mass

(p = 0.80, rho = 0.07). In contrast, the seven large-
mouth bass collected from Rollins Reservoir show a
trend of increasing mercury concentration with
increasing length and mass (fig. 6). Spearman’s rank
correlations of these seven bass samples indicate a
significant (alpha = 0.05) relation between mercury
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concentration and total length (p = 0.04, rho = 0.79)
and between mercury concentration and total mass
(p = 0.01, tho = 0.86). Mercury concentrations in the
seven largemouth bass samples ranged from 0.20 to
0.45 ppm with a geometric mean concentration of
0.33 ppm. Seven bluegill samples were analyzed as
two composite samples of three fish each, plus one
individual sample. The two composite samples of
bluegill had mercury concentrations of 0.16 and
0.21 ppm, whereas the individual sample had an
anomalously high concentration of 0.41 ppm. A com-
posite sample of three black crappie had a mercury
concentration of 0.31 ppm, and four individual
brown trout samples had mercury concentrations less
than 0.10 ppm.

Mercury data for four fish from Rollins Reser-
voir are reported in the California Toxic Substances

* Monitoring Program (TSMP) database (State Water

Resources Control Board, accessed July 3, 2000). A
largemouth bass collected in 1985, somewhat larger
in size than the bass collected in this study from Roll-
ins Reservoir, had 0.56 ppm mercury; this concentra-
tion is higher than all of the fish analyses for Rollins .
Reservoir from the current study, including bass and
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Figure 6. Mercury concentration for fish collected from Rollins Reservoir, California, 1999. A, In relation to total length. 8, In relation to total
mass. Dashed horizontal line at mercury concentration of 0.3 ppm represents a screening value provided by the Office of Environmental
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catfish. The TSMP database also includes a small-
mouth bass from Rollins Reservoir, with a mercury
concentration of 0.14 ppm. Two channel catfish sam-
ples reported in the TSMP database, collected during
1984 and 1985, had concentrations of 0.25 and 0.35
ppm, both within the range of the concentrations in
catfish samples analyzed for this study (fig. 6,

table 5).- '

Lake Combie

Thirteen fish were collected from Lake Combie,
all from the northeastern part of the lake (site 20,
fig. 2; table 6). The total mercury concentrations in
largemouth bass (nine individual samples) range
from 0.74 to 1.2 ppm. Five of the nine largemouth
bass samples had mercury concentrations greater
than 0.90 ppm; the geometric mean mercury concen-
tration for the nine largemouth bass samples is
0.90 ppm. There is no significant trend for increasing
mercury concentrations associated with length or
mass in largemouth bass from Lake Combie (fig. 7).
Spearman’s rank correlations of the nine largemouth
bass samples indicate nonsignificant (alpha = 0.05)
relations between mercury concentration and total length
(p = 0.73, tho = 0.13) and between mercury concen-
tration and total mass (p = 0.46, tho = 0.28). Two
‘individual rainbow trout samples and two individual
bluegill samples from Lake Combie had mercury
concentrations less than or equal to 0.20 ppm.
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Figure 7. Mercury concentration for fish collected from Lake
Combie, California, 1999. A, In relation to total length. B, In
relation to total mass. Dashed horizontal line at mercury
concentration of 0.3 ppm.represents a screening value
provided by the Office of Environmental Health Hazard.
Assessment (Brodberg and Pollock, 1999). Solid horizontal line
at mercury concentration of 1.0 ppm indicates the Food and
Drug Administration (FDA) action level for commercial fish.
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Camp Far West Reservoir

Twenty-one fish analyses are reported from Camp

Far West Reservoir; 14 samples were taken from the
Bear River arm of the reservoir, and the remaining
samples from near the dam (sites 21 and 22 respec-
tively, fig. 2; table 7). There are not enough data to

- test for within-lake differences. Nineteen of the 21
samples collected from Camp Far West Reservoir had
mercury concentrations greater than 0.30 ppm. Mer-
cury concentrations for the 14 spotted bass samples
range from 0.58 to 1.5 ppm, and the geometric mean
concentration was calculated as 0.92 ppm; 7 of the 14
spotted bass had mercury concentrations greater than
or equal to 1.0 ppm. The 14 spotted bass samples
from Camp Far West Reservoir show weak, apparent
positive relations for mercury concentration in rela-
tion to length and mass (fig. 8); however, Spearman’s
rank correlations for these samples indicate nonsig-
nificant (alpha = 0.05) relations between mercury.

concentration and total length (p = 0.09, rho = 0.46) -

and between mercury concentration and total mass
(p=0.17, rho = 0.39). In addition, the three channel
catfish collected from Camp Far West Reservoir had
mercury concentrations between 0.51 and 0.75 ppm.

Data on two largemouith bass samples, one col-
lected in 1987 and the other in 1990, are reported in
the TSMP database (State Water Resources Control .
Board, accessed July 3, 2000). These samples had
mercury concentrations of 0.40 and 0.65 ppm, respec-
tively, and they were generally smaller than the large-
mouth and spotted bass samples collected for this-
study (fig. 8).
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Figure 8. Mercury concentration for fish collected from Camp
Far West Reservoir, California, 1999. A, In relation to total length.
B, In relation to total mass. Dashed horizontal line at mercury
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by the Office of Environmental Health Hazard Assessment
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from this study.
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Stream Habitats

Forty-six analyses are reported for brown and
rainbow trout collected from stream habitats of the
South Yuba River, Deer Creek, and Bear River water-
sheds (table 8). Mercury concentrations in trout sam-
ples from 14 of 14 sampling sites were less than
0.30 ppm (fig. 9; table 8). Two sites—South Yuba
River near Emigrant Gap (site 1, fig. 2) and Bear
River at Highway 20 (site 11, fig. 2)—were reference
sites, relatively unaffected by historic gold mining
activities. Ten of 11 trout samples from these two
reference sites had mercury concentrations less than
0.10 ppm (fig. 9).

Three sampling sites—Bear River at Dog Bar
Road (site 19, fig. 2), Little Deer Creek at Pioneer
Park (site 10,_ fig. 2), and Deer Creek at Willow Val-
ley Road (site 9, fig. 2)— had one or more individual
trout samples with concentrations greater than
0.30 ppm (table 8). The Bear River at Dog Bar Road
site had trout (two brown and one rainbow) with
mercury concentrations that ranged from 0.38 to
0.43 ppm (fig. 9). The six brown trout collected from
Little Deer Creek at Pioneer Park had mercury con-
centrations that ranged from 0.23 to 0.39 ppm with a.
geometric mean of 0.32 ppm (fig 9). Four brown
trout taken from Deer Creek at Willow Valley Road
had mercury concentrations that ranged from 0.11 to
0.32 ppm; a rainbow trout from this location had a
concentration of 0.22 ppm (table 8).

Slotton and others (1997) presented data for 22
rainbow trout and 2 brown trout from stream habitats
in the South Fork Yuba watershed, 9 rainbow trout
collected below Englebright Dam in the lower Yuba
River, and a single rainbow trout from the Bear River
below Rollins Reservoir. Fourteen rainbow trout
samples from the South Yuba River at Washington
were used by Slotton and others (1997) to compute a
normalized mercury concentration of 0.21 ppm, cor-
responding to a hypothetical rainbow trout witha
mass of 250 g. The overall range in mercury concen-
tration for the 32 rainbow trout from these water-
sheds reported by Slotton and others (1997) was 0.04
to 0.30 ppm, which is similar to the overall range for
concentrations in rainbow trout in the present study
(0.06 to 0.38 ppm). The number of brown trout ana-
lyzed by Slotton and others (1997) were too low for
meaningful comparisons to be made with the present

study.
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DISCUSSION

Numerous studies indicate that mercury bioaccu-
mulates in fish muscle tissue and that mercury con-
centrations typically increase with increasing fish size
and age (Phillips and others, 1980; Lange and others,
1993; Driscoll and others, 1994; Munn and Short,
1997; Neumann and others, 1997; Stafford and
Hayes, 1997; Neumann and Ward, 1999). Consider-
ing all reservoir fish collected in this study, the best
correlation between increasing size and mercury con-
centration for an individual species from a specific
waterbody was found in smallmouth bass from Lake
Englebright (fig. 4). Rollins Reservoir (fig. 6) and
Camp Far West Reservoir (fig. 8) were the other reser-
voirs with positive correlations for mercury concen-
tration in relation to increasing size for specific
species of bass (Micropterus spp.).

It is difficult to compare mercury concentrations
among the three bass species from the different reser-
voirs sampled in this study because the total number

~of samples from each reservoir was relatively small,
each species of bass was not represented in each res-
ervoir, and the size range of bass was different in each
reservoir. Nevertheless, some general characteristics
are apparent when the mercury data for all bass
(Micropterus spp.) are plotted as a function of fish
length and mass (fig. 10). The highest mercury con-
centrations were found in spotted bass collected from
Camp Far West Reservoir and in largemouth bass col-
lected from Lake Combie (fig. 10; table 9). Consider-
ing all of the bass data together, Scotts Flat Reservoir
is the only reservoir site for which the data do not fol-
low a general trend of increasing mercury concentra-
tion with increasing size. .

Slotton and others (1997) investigated many of
the streams of the northwestern Sierra Nevada region
and identified the Yuba River and Bear River water-
sheds as problematic areas for mercury bioaccumula-
tion in the food chain. Their study primarily focused
on invertebrates and fish from stream habitats, with
relatively few fish samples collected from the reser-
voirs in these watersheds. The data from the present
study adds to the knowledge of the distribution of
mercury concentrations in fish in these watersheds,
and supports the conclusions of Slotton and others
(1997) that the South Yuba River, Deer Creek, and
Bear River watersheds have elevated concentrations
of bioavailable mercury.

The data presented in this report contribute to a
better understanding of the occurrence and distribu-
tion of mercury and methylmercury in the South Yuba

River, Deer Creek, and Bear River watersheds.
Results from the current study suggest the need for
investigations of reservoirs in other Sierra Nevada
foothill watersheds that have had similar historic
gold mining activities.
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Figure 10. Mercury concentration for all bass (Micropterus spp.)
samples collected from reservoirs in the South Yuba River, Deer
Creek, and Bear River watersheds, California, 1999. A, In relation to
total length. B, In refation to total mass. Dashed horizontal line at
mercury concentration of 0.3 ppm represents a screening value
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SUMMARY AND CONCLUSIONS

Mercury concentrations in fish collected from the
South Yuba River, Deer Creek, and Bear River water-
sheds are summarized in table 9. The highest mercury
concentrations were found in the upper-trophic-level
predators—the largemouth, smallmouth, and spotted
bass—from Camp Far West Reservoir and Lake Com-
bie in the Bear River watershed, and Lake Englebright
in the South Yuba River watershed.

Mercury concentrations exceeded 1.0 ppm, the
FDA's action level for regulating mercury concentra-
tions in commercial fish, in 14 percent (8 of 57) of
the samples of bass (Micropterus spp.) analyzed for
this study. Sixty-five percent of the black bass
(Micropterus spp.) samples (37 of 57) had mercury
concentrations greater than 0.50 ppm, and 88 percent
(50 of 57) had mercury concentrations greater than
0.30 ppm, the level used by OEHHA as a screening

.value. ‘

Mercury concentrations in benthic omnivores:
(channel catfish) and intermediate-trophic-level pred-
ators [sunfish (bluegill, green sunfish, and black
crappie)] were generally lower than in black bass
samples. Upper-level predators that feed on prey with
more elevated mercury concentrations-likely bioac-
cumulate mercury to a greater extent than the lower-
trophic-level taxa.

Brown trout and rainbow trout collected from
stream environments were found to have generally
much lower mercury concentrations than the bass
and catfish collected from the reservoirs. Trout are
primarily insectivorous species and they were col-
lected mostly from streams that are less likely to be
mercury methylation sites than the reservoirs. Never-
theless, trout from three stream sites sampled in this
study—Little Deer Creek at Pioneer Park (sitel0, fig.
2), Bear River at Dog Bar Road (sitel9, fig. 2), and
Deer Creek at Willow Valley Road (site 9, fig. 2)—
showed relatively elevated mercury concentrations

-greater than 0.30 ppm.

The data provided in this report may be useful to
local, state, and federal agencies responsible for
assessing potential risks associated with elevated con-
centrations of mercury in fish tissues in the South Yuba
River, Deer Creek, and Bear River watersheds. Results
from the present study suggest the need for investiga-
tion of mercury levels in fish from reservoirs and

stream habitats in other watersheds that have been
affected by historic gold-mining activities, especially
hydraulic mining.
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Table 1. Fish sampling sites in the South Yuba River, Deer Creek, and Bear River watersheds, California, 1999, including report site
number and collection dates

[Report site number refers to figure 2. Site name, abbreviated version of official USGS station name listed in the Appendix.
' mm/dd/yy, month/day/year] '

) Report Site name Collection date(s) .
site number (mm/dd/yy)
South Yuba River Watershed : '
-1 South Yuba River near Emigrant Gap' : 10/1/99
2 Humbug Creek above Falls 91499
3 Humbug Creek below Falls 9/4/99
4 " South Yuba River near Edwards Crossing 9/29/99
5 Lake Englebright (South Yuba arm) 9/16/99
6 Lake Englebright (Hogsback Ravine) 9/17/99
Deer Creek Watershed
7 Deer Creek above Scotts Flat Reservoir 10/6/99
8 Scotts Flat Reservoir : 9/7-8/99
9 Deer Creek near Willow Valley Road 10/6/99
10 Little Deer Creek at Pioneer Park 10/6/99
. Bear River Watershed .

11 Bear River at Hwy 20! : 8/26/99 .
12 Bear River above Dutch Flat 10/8/99
13 Bear River below Dutch Flat 10/8/99
14 : North Fork of Steephollow Creek 8/26/99
15 Greenhorn Creek above Buckeye Drain 9/30/99
16 Missouri Canyon 9/1/99
17 Rollins Reservoir (Greenhorn Creek arm) . 9/14/99
18 Rollins Reservoir (Bear River arm) ’ 9/15/99
19 " Bear River at Dog Bar Road ’ ' 9/23/99
20 Lake Combie 9/10-11/99
' , 21 Camp Far West Reservoir (Bear River arm) 9/22/99
22 " Camp Far West Reservoir (at dam) ) 9/21/99

! Sampling sites upstream of known gold mining effects.
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Table 2. Summary of interlaboratory comparison data for mercury concentration in fish fillet samples from the South Yuba River, Deer Creek, and
Bear River watersheds, California, 1999

[ID, identification code; F, tissue sample from left fillet; R, tissue sample from right fillet; ppm, parts per million;
Hg, mercury; TERL, Trace Element Research Laboratory, College Station, Texas; FGS, Frontier Geosciences, Incor- ‘.
porated, Seattle, Washington; RPD, relative percent difference, computed from the formula RPD = 100x{(m-m,)/

[(m,+m,)/2]}, where m, is the value from TERL and m, is the value from FGS; %, percent]

TERL, total Hg FGS, total Hg RPD
Sample ID} in fish tissue in fish tissue (%)
(ppm wet) (ppm wet)
F-001/R-001% 0.02 0.09 -127
F-002/R-005% 0.30 0.33 -95"
F-003/R-0062 0.20 . 0.27 -29.8
F-004/R-007; 0.16 - 0.36 -76.9
F-007/R-022 0.06 . 0.06 0.0
F-008/R-0232 0.12 0.12 0.0
F-009/R-0242 0.20 0.20. 0.0
F-010/R-0252 0.19 - 020 , -5.1
F-011/R-0262. 0.23 0.22 . 4.4
F-012/R-0282 0.07 0.08 ' -133
F-013/R-0292 0.07 0.08 -13.3
R-002 0.04 - 0.05 , 222
R-003 0.08 0.10 222
R-004 0.09 0.11 -20.0
R-008 0.43 0.45 4.6
R-013 0.51 0.49- . 4.0
R-014 040 025 46.2
R-015 0.28 0.33 —16.4
R-016 035 . 030 15.4
R-017 . 0.38 043 -12.4
R-018 0.45 0.48 : -6.5
R-019 0.42 . 0.42 0.0
R-020 .027 0.24 ' 11.8
R-086 ‘ 0.40 0.44 -9.5
R-100 0.74 ' 1.02 .. : -31.8
R-105 0.83 0.81 , 2.4
R-114 0.37 : 0.34 : 8.5
R-123 . 0.53 045 16.3
R-127 0.57 . 0.50 13.1
R-129° 0.72 0.71 - 1.4
R-131 0.77 0.71 8.1
R-144 1.03 0.81 ‘ 23.9
R-148 ' 1.16 1.24 -6.7
R-163 0.66 0.74 : -11.4

! Multiple sample IDs indicate a comparison between samples of the left and right fillet, single sample IDs indicate a comparison
between subsamples of the right fillet.

2 Right fillet sample analysis (by FGS laboratory) provided by the U.S. Environmental Protection Agency.

Tables 21 .
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Table 3. Data for fish collected from Lake Englebright, California, 1999, including common name, mercury concentrations, moisture content of fillet tissue, gender, total length, and

total mass

[ID, identification code; Hg, mercury; ppm, parts per million; %, percent; Gender: F, female; M, male; mm, millimeter; g, gram]

: Tissue . Total Total
Sampling location Samt)le Common sample Total Hg Moisture Total Hg Gender length mass

D name mass (g) (ppm dry) (%) (ppm wet) ‘ (mm) @
Lake Englebright (South Yuba River arm) F-052 Green sunfish 5.10 0.36 79.0 0.08 M 185 123
Lake Englebright (South Yuba River arm) F-053  Green sunfish 4.16 0.55 78.9 0.12 M 175 106
Lake Englebright (South Yuba River arm) R-122 Smallmouth bass 10.70 23 75.5 0.56 F 304 327
Lake Englebright (South Yuba River arm) R-123 Smallmouth bass 10.29 2.4 78.1 0.53 F 305 326
Lake Englebright (South Yuba River arm) R-124 Smallmouth bass 10.41 3.1 81.0 0.58 M 311 369
Lake Englebright (South Yuba River arm) R-125 Smallmouth bass 10.29 2.7 79.5 0.55 M 312 350
Lake Englebright (South Yuba River arm) R-126 Smallmouth bass 10.16 32 79.5 0.66 F 313 394
Lake Englebright (South Yuba River arm) R-127 Smallmouth bass 10.29 2.5 713 0.57 F 3i4 381
Lake Englebright (South Yuba River arm) R-128 °  Smallmouth bass 10.47 23 77.1 0.53 F 314 345
Lake Englebright (South Yuba River arm) R-129 Smallmouth bass 10.66 32 77.4 .0.72 M 328 453
Lake Englebright (South Yuba River arm) R-130 Smallmouth bass 10.70 33 78.5 0.70 M 328 408
Lake Englebright (South Yuba River arm) R-131 Smallmouth bass 10.54 33 76.5 0.77 M 335 432
Lake Englebright (South Yuba River arm) R-132 Smalimouth bass 10.67 39 78.4 0.84 M 347 490
Lake Englebright (South Yuba River arm) R-133 Smalimouth bass 10.66 40 76.3 0.96 F 358 487
Lake Englebright (Hogsback Ravine) F-059 Smallmouth bass 10.29 23 78.2 0.50 M 285 283
Lake Englebright (Hogsback Ravine) F-060 Smallmouth bass 16.43 24 79.1 0.50 M 305 347
Lake Englebright (Hogsback Ravine) F-054 Largemouth bass 15:41 0.74 79.4 0.15 M 295 334
Lake Englebright (Hogsback Ravine) F-055 Largemouth bass 15.30 13 - 78.7 0.27 F 312 453
Lake Englebright (Hogsback Ravine) F-056 Spotted bass 10.01 1.7 78.6 037 F 360 510
Lake Englebright (Hogsback Ravine) F-057 Spotted bass 10.07 1.5 77.8 0.34 F 351 500
Lake Englebright (Hogsback Ravine) F-061 Spotted bass 10.16 1.8 78.6 0.38 F 317 252

1Sample IDs beginning with “F” represent individual samples from the left fillet of the fish; IDs with “R” represent individual samples from right fillet of the fish.
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Table 4. Data for fish coltected from Scotts Flat Reservoir, -California, 1999, including common name, mercury concentrations, moisture content in fish tissue, gender, total length, and total mass

[ID, identification code; Hg, mercury; ppm, parts per million; %, percent; Gender: F, female; M, male; —, undetermined; mm, millimeter; g, gram]

Tissue : . Total Total
Sampling Location Sample 1D Common name sample (Tolal Hg) Mo(';we Total Hg Gender length mass
. mass (g) ppm dry ) (ppm wet) (mm) @
Scotts Flat Reservoir C-017 Green sunfish 334 0.67 80.5 0.13 — 171 106
Scotts Flat Reservoir F-030 Brown trout 15.79 0.26 763 1006 F 357 484
Scotts Flat Reservoir F-031 Brown trout 15.74 0.69 76.2 0.16 M 387 608
Scotts Flat Reservoir F-032 Bluegill 443 033 793 0.07 M 165 93
Scotts Flat Reservoir F-033 Bluegill 4.56 0.51 80.9 010 M 164 107
Scotts Flat Reservoir F-034 Largemouth bass 20.82 . 1.6 78.7 - 035 F . 370 839
Scotts Flat Reservoir F-035 Largemouth bass 20.83 093 78.7 0.20 F 400 867
Scotts Flat Reservoir F-036 - Largemouth bass 20.85 2.1 78.6 0.44 M 400 988
Scotts Flat Reservoir F-039 Largemouth bass 20.81 22 78.5 0.48 F 350 666
Scotts Flat Reservoir R-086 Largemouth bass 20.04 1.9 78.5 0.40 M 334 544
Scotts Flat Reservoir R-087 Largemouth bass 20.22 18 79.4 0.37 - M 336 537
Scotts Flat Reservoir R-088 Largemouth bass 20.06 1.9 79.4 0.39 M 347 541

lSamplc: IDs beginning with “C” represent composite samples of three fish; corresponding tissue sample mass, total length, and weight values for composites represent arithmetic
means; IDs with “F” represent individual samples from the left fillet of the fish; IDs with “R” represents individual samples from right fillet of the fish.
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Table 5. Data for fish collected from Rollins Reservoir, California, 1399, including common name, mercury concentrations, moisture content in fish tissue, gender, total length, and total
mass _

{ID, identification code; Hg, mercury; ppm, parts per million; %, percent; Gender: F, female; M, male; —, undetermined; mm, millimeters; g, grams]

Tissue . Total Total

Sampling location Sample Ip! Common name sample Total Hg Moisture Total Hg Gender length mass

mass (g) (ppm dry) (%) {ppm wet) (mm) @

Rollins Reservoir (Bear River arm) R-002 Brown trout 25.29 0.19 78.7 0.04 — 284 191
Rollins Reservoir (Bear River arm) R-003 Brown trout 23.80 042 80.5 0.08 — 284 221
Rollins Reservoir (Bear River arm) R-004 Brown trout 25.55 0.43 78.8 0.09 — 269 203
Rollins Reservoir (Bear River arm) F-001 " Brown trout 15.57 - 0.11 79.2 0.02 — 292 239
Rollins Reservoir (Bear River arm) ‘R-008 Channel catfish 137.04 1.6 733 043 — 555 1,786
Rollins Reservoir (Bear River arm) R-013 Channel catfish 113.93 2.2 71.4 0.51 — 569 2,202
Rollins Reservoir (Bear River arm) R-014 Channel catfish 115.27 1.7 76.6 0.40 — 555 1,673
Rollins Reservoir (Bear River arm) R-015 Channel catfish 103.58 1.1 74.4 0.28 — 540 1,446
Rollins Reservoir (Bear River arm) R-016 Channel catfish 82.71 1.3 74.1 0.35 F 545 1,446
Rollins Reservoir (Bear River arm) R-017 Channel catfish 102.16 1.7 76.9 0.38 M 535 1,485
Rollins Reservoir (Bear River arm) R-018 Channel catfish - 81.75 23 803 0.45 — 515 1,456
Rollins Reservoir (Bear River arm) R-019 . Channel catfish 90.53 14 706 - 0.42 M 521 1,304
Rollins Reservoir (Bear River arm) R-020 Channel catfish - 87.75 1.1 759 - 0.27 M 490 1,153
Rollins Reservoir (Bear River arm) F-004 Channel catfish 40.02 0.56 71.3 0.16 — 585 2,389
Rollins Reservoir (Bear River arm) F-005 Bluegill 5.14 2.0 79.7 0.41 — 193 138
. Rollins Reservoir (Bear River arm) C-003 Bluegiil : 5.04 0.99 79.1 0.21 — 161 94
Rollins Reservoir (Bear River arm) F-002 Largemouth bass 20.07 14 78.5 0.30 M 294 336
Rollins Reservoir (Bear River arm) F-003 Largemouth bass 20.16 093 78.4 0.20 F 245 206
Rollins Reservoir (Greenhorn Creek arm) C-021 Black crappie 10.46 1.4 78.6 0.31 — 263 304
Rollins Reservoir (Greenhorn Creck arm) C-022 Bluegill 3.05 0.77 79.9 0.16 — 157 75
Rollins Reservoir (Greenhorn Creek arm) F-047 Largemouth bass 12.80 2.2 79.1 - 045 F 303 391
Rollins Reservoir (Greenhorn Creek arm) F-048 Largemouth bass 20.13 2.1 785 0.44 F 347 640
" Rollins Reservoir (Greenhorn Creek arm) R-112 Largemouth bass 10.23 1.6 79.8 033 F 259 259
Rollins Reservoir (Greenhorn Creek arm) R-113 Largemouth bass 10.08 1.3 78.9 0.28 ‘M 265 239
Rollins Reservoir (Greenhorn Creek arm) R-114 - Largemouth bass 10.08 1.7 78.1 0.37 M 291 321
Rollins Reservoir (Greenhorn Creek arm) F-049 Channel catfish 28.39 1.2 78.6 0.25 M 434 772
Rollins Reservoir (Greenhorn Creek arm) F-050 Channel catfish 35.12 1.8 73.6 0.48 M 485 1,047
Rollins Reservoir (Greenhorn Creek arm) F-051 Channel catfish 40.37 1.2 74.0 0.32 M 625 2,544

1Sample IDs beginning with “C” represent composite samples of three fish; corresponding tissue sample weight, total length, and mass values for composites represent arithmetic
means; IDs with “F” represent individual samples from the left fillet of the fish; IDs with “R” represent individual samples from right fillet of the fish.
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Table 6. Data for fish collected from Lake Combie, California, 1999, including common name, mercury concentrations, moisture content in fish tissue, gender, total length, and total

mass

[ID, identification code; Hg, mercury; ppm, parts per million; %, percent; Gender: F, female; M, male; —, undetermined; mm, millimeter; g, gram]

Total

Tissue . Total

Sampling location Sample ID! Common name sample Total H Maisture . Total Hg Gender fength mass
Lake Combie F-040 Bluegill 249 - 0.84 80 - 0.17 F 145 57
Lake Combie F-041 Bluegill 221 0.98 81.2 0.18 F 125 42
Lake Combie F-042 Rainbow trout 3.69 0.75 74.1 0.20 F 291 250
Lake Combie F-043 Rainbow trout 6.30 0.26 76.3 0.06 — 234 140
Lake Combie F-044 Largemouth bass 20.79 36 : 78.5 0.77 F 435 - 1,186
Lake Combie F-045 Largemouth bass 20.83 45 79 ) 0.95 - F 405 1,027
Lake Combie F-046 Largemouth bass 20.89 33 71.6 12 F 404 994
Lake Combie R-100 Largemouth bass 20.29 i35 78.7 0.74 F 388 783
Lake Combie R-101 Largemouth bass 20.40 48 79.9 0.96 F 391 854
Lake Combie R-102 Largemouth bass 2035 48 79.5 0.99 F 379 860
Lake Combie R-103 Largemouth bass 15.26 : 38 79.1 0.80 M 324 467
Lake Combie R-104 Largemouth bass 15.31 _ 45 79.6 0.92 F 338 552
Lake Combie R-105 Largemouth bass 15.29 36 71.5 0.83 F 349 © 543

Sample IDs béginning with “F” represent individual samples from the left fillet of the fish; IDs with “R” represent individual samples from right fillet of the fish.
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Table 7. Data for fish collected from Camp Far West Reservoir, California, 1999, including common name, mercury concentrations, moisture contentin fish tissue, gender, totat length,

and total mass

[ID, identification code; Hg, mercury; ppm, parts per million; %, percent; Gender: F, female; M, male; —, undetermined; mm, millimeter; g, gram]

Tissue . . Total Total
Sampling location Sample D! Common name sample Tatal Hg Moisture Total Hg Gender length mass
) mass (g) (ppm dry) (%) (ppm we) (mm) ©

Camp Far West Reservoir (at dam) C-031 Bluegill 323 1.2 80.8 022 — 175 92
Camp Far West Reservoir (at dam) F-067 Largemouth bass 20.29 38 78.9 0.81 F 387 751
Camp Far West Reservoir (at dam) F-068 Spotted bass 20.57 3.7 78.1 0.80 M 409 792
Camp Far West Reservoir (at dam) - F-069 Spotted bass 20.60 39 77.6 0.88 M 377 617
Camp Far West Reservoir (at dam) R-161 Spotted bass 15.26 35 78.5 0.76 M 315 356
Camp Far West Reservoir (at dam) R-162 " Spotted bass . 15.46 6.0 791 1.2 F 345 439
Camp Far West Reservoir (at dam) R-163 Spotted bass’ 15.42 33 79.7 0.66 F 349 482
Camp Far West Reservoir (Bear River arm) F-062 Spotted bass 20.75 4.5 71.6 1.0 M 401 702
Camp Far West Reservoir (Bear River arm) F-063 Spotted bass 20.68 5.7 78.0 1.2 M 426 935
Camp Far West Reservoir (Bear River arm) F-064 Spotted bass 20.79 6.5 76.3 1.5 M 455 1,244
Camp Far West Reservoir (Bear River arm) R-144 Spotted bass. 13.17 4.8 78.5 1.0 F 324 341
Camp Far West Reservoir (Bear River arm) R-145 Spotted bass 13.13 32 78.7 0.68 F 330 453
Camp Far West Reservoir (Bear River arm) R-146 Spotted bass 13.13 2.8 79.7 0.58 F 343 472
Camp Far West Reservoir (Bear River arm) R-147 Spotted bass : 15.50 50 78.1 i.1 F 346 483
Camp Far West Reservoir (Bear River arm) R-148 Spotted bass 15.60 54 78.3 12 — 353 516
Camp Far West Reservoir (Bear River arm) R-149 Spotted bass 15.63 42 81.5 0.77 F 359 536
Camp Far West Reservoir (Bear River arm) F-065 Bluegill 2.73 1.1 79.2 0.23 M 159 72
Camp Far West Reservoir (Bear River arm) F-066 Bluegill 2.83 1.8 80.8 0.34 M 161 76
Camp Far West Reservoir (Bear River arm) R-141 Channel catfish 25.20 32 80.5 0.62 M 437 737
Camp Far West Reservoir (Bear River arm) R-142 Channel catfish 25.21 2.7 81.2 0.51 M 468 840
Camp Far West Reservoir (Bear River armm) R-143 Channel catfish 25.22 3.6 79.2 0.75 M 479 812

1Sa,mple IDs beginning with “C” represent composite samples of three fish; corresponding tissue sample mass, total length, and mass values for composites represent arithmetic

means ; [Ds with “F” represents individual samples from the left fillet of the fish; IDs with “R? represents individual samples from right fillet of the fish.



Table 8. Data for stream fish collected from South Yuba River, Deer Creek, and Bear River watersheds, California, 1999 including common name, mercury concentration, moisture
content in fish nssue gender, total length, and total mass

[ID, identification code; Hg, mercury; ppm, parts per million; %, percent; Gender: F, female; M, male; -, undetermined; mm, millimeter; g, gram; NE North Fork]
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Tissue ’ . Total Yotal
Sampling location Sample Ip? Common name sample ‘Tntal ng) Mo(:;ture (Tolal Hg‘) Gender  length mass
mass(g) PP 4V ) lppmwe {mm) (a)
South Yuba River Watershed
South Yuba River near Emigrant Gap2 R-041 Brown trout 5.33 0.28 78.9 0.06 F 238 141
South Yuba River near Emigrant Gap? R-042 Brown trout 5.36 0.21 78.0 0.05 F 247 138
South Yuba River near Emigrant Gap2 R-043 Brown trout 532 029 80.5 0.06 F 270 189
South Yuba River near Emigrant Gap R-044  Brown trout T 412 0.19 80.2 0.04 M 195 77
South Yuba River near Emigrant Gap R-045 Brown trout 425 0.18 724 0.05 M 196 89
South Yuba River near Emigrant Gap? R-046 Brown trout 424 0.19 81.0 0.04 M 193 76
Humbug Creek above Falis . C-014 Rainbow trout 3.29 0.72 77.2 0.16 — 195 77
Humbug Creek above Falls - C-015 Rainbow trout 3.59 073 713 0.17 — 207 87
Humbug Creek above Falls ’ » F-028 Rainbow trout 5.77 0.96 77.3 0.22 F 233 138
Humbug Creek below Falls ., C-013 Rainbow trout 3.55 0.69 76.0 0.17 — 195 75
Humbug Creek below Falls A F-026 Rainbow trout 5.29 0.69 713 0.16 M 200 82
Humbug Creek below Falls F-027 Rainbow trout 7.09 0.69 76.1 017 F 249 156
South Yuba River near Edwards Crossing F-014 Rainbow trout 10.04 0.66 77.6 0.15 F 270 161
South Yuba River near Edwards Crossing F-015 Rainbow trout 434 0.40 78.6 0.09 —_ 182 58
Deer Creek Watershed.
Deer Creek above Scotts Flat Reservoir F-019 Brown trout 15.43 0.67 773 0.15 M 383 638
Deer Creek above Scotts Flat Reservoir F-020 Brown trout 5.15 0.29 782 - 0.06 — 221 118
Deer Creek near Willow Valley Road - F-021 Brown trout 15.07 1.5 789 0.32 F 325 374
Deer Creek near Willow Valley Road ' F-022 Rainbow trout 10.07 0.94 76.4 0.22 F 270 213
Deer Creek near Willow Valley Road R-051 Brown trout 420 0.68 78.8 0.14 F 199 71
Deer Creek near Willow Valley Road : R-052 Brown trout 422 0.68 78.5 0.15 F 197 82
Deer Creek near Willow Valley Road R-053 Brown trout 428 0.55 794 0.11 F 202 85
Little Deer Creek at Pioneer Park R-054  Brown trout 174 20 81.1 0.38 F 291 196
Little Deer Creek at Pioneer Park ] R-055 Brown trout 7.73 1.7 81.1 0.32 F 280 248
Little Deer Creek at Pioneer Park R-056 Brown trout 7.64 0.95 753 0.23 M . 295 284
Little Deer Creek at Pioneer Park : R-057 Brown trout . 5.50 2.0 80.9 0.39 M 274 194
Little Deer Creek at Pioneer Park ’ R-058  Brown trout 5.45 1.6 775 0.35 F 260 195
Little Deer Creek at Pioneer Park . R-059  Brown trout 5.33 14 81.1 0.26 F 280 207
Bear River Watershed

Bear River at Hwy 20% F-029 Brown trout 10.11 043 778 0.10 F 295 275
Bear River at Hwy 207 R-075 Brown trout 5.26 0.32 80.2 0.06 F 230 118
Bear River at Hwy 207 R-076  Brown trout 5.39 0.20 75.4 0.05 F 255 177
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Table 8. Data for stream fish collected from Soqth Yuba River, Deer Creek, and Bear River watersheds, California, 1999, including common name, mercury concentration, moisture
content in fish tissue, gender, total length, and total mass—~Continued

. . : Tissue Total Hg Moisture Total Hg Total Total
Sampling Location Sample Ipt Common name sample ( dry) (%) {opm we l) Gender length mass
: mass (g} ppen fry pp {mm) (g}

Bear River at Hwy 2()2 R-077 Brown trout 5.36 0.34 76.3 0.08 M 265 180
Bear River above Dutch Flat F-007 Brown trout 15.35 0.26 78.2 0.06 M 416 821
Bear River above Dutch Flat F-008 Rainbow trout 10.17 0.52 77.8 0.12 F 263 183
Bear River above Dutch Flat F-009 Rainbow trout 9.20 0.99 79.8 0.20 M 253 180
Bear River above Dutch Flat F-010 Rainbow trout 427 0.92 79.7 0.19 — 220 92
Bear River below Dutch Flat C-006 Rainbow trout 5.10 0.36 719 0.08 — 210 119
Bear River below Dutch Flat F-011 Brown trout 15.36 0.97 76.2 0.23 M 350 445
Bear River below Dutch Flat F-012 Rainbow trout 5.10 0.30 712 0.07 M 231 148
Bear River below Dutch Flat F-013 Rainbow trout 5.33 0.33 71.7 0.07 M 238 148
North Fork of Steephollow Creek F-024 Rainbow trout 5.14 0.61 76.9 0.14 M 220 105
North Fork of Steepholiow Creek F-025 Rainbow trout 5.57 0.89 78.4 0.19 F 280 197
Greenhorn Creek above Buckeye Hill C-007 Rainbow trout 425 - 11 789 . 0.22 — 213 92
Missouri Canyon F-023 Rainbow trout 2.00 0.96 78.9 0.20 M 142 33
Bear River at Dog Bar Road F-016 Rainbow trout 10.63 1.8 78.4 0.38 F 301 301
Bear River at Dog Bar Road F-017 Brown trout 15.09 1.8 76.2 0.43 F 339 390
Bear River at Dog Bar Road F-018 Brown trout 15.15 1.8 772 0.40 F 335 401

1Sample IDs beginning with “C” represent composite samples of three fish; corresponding tissue sample mass, total length, and mass values for composites represent arithmetic
means; IDs with “F” represents individual samples from the left fillet of the fish; IDs with “‘R” represents individual samples from right fillet of the fish.
2 Reference sites upstream from known historic gold mines.
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Table 9. Range and mean values of mercury concentrations and length for selected fish species and locations within the South Yuba River, Deer Creek, and Bear River watersheds,
California, 1999 .

[N, number of samples; Hg, mercury; ppm, parts per million; mean, geometric mean]

. Total Hg Total Hg Total Hg Total length Total length Total length
Common name Sampling location N (ppm wet) (ppm wet) (ppm wet) (mm) (mm) {mm)
minimum mean maximum minimum mean maximum
Smallmouth bass Lake Englebright ] 14 0.50 0.63 0.96 285 317 358
Largemouth bass Scotts Flat Reservoir ) 7 0.20 0.36 0.48 334 361 400
L argemouth bass Rollins Reservoir 7 0.20 0.33 0.45 245 284 347
Largemouth bass Lake Combie 9 0.74 090 12 324 377 435
Spotted bass Camp Far West Reservoir 14 . 058 092 1.5 324 364 455
Channel catfish Rollins Reservoir ' 13 0.16 0.35 0.51 434 532 625
Channel catfish Camp Far West Reservoir - 3 0.51 0.62 0.75 437 460 479
Brown trout South Yuba River near Emigrant Gap! 6 0.04 0.05 0.06 - 193 - 221 270
Brown trout Deer Creek near Willow Valley Road 4 0.11 0.17 t 0.32 197 225 325
Brown trout Little Deer Creek at Pioneer Park 6 023 . 032 0.39 260 279 295
Brown trout Rollins Reservoir 4 0.02 0.05 0.09 269 282 292

1Sampling site upsream of known gold mining effects.




Appendix. Sampling site numbers, staticn names, station numbers, and locations in the South Yuba River, Deer Creek, and Bear River watersheds, California, 1999

-[Report site number refer numbers to figure 2 and table 1; deg, degrees; min, minutes; sec, seconds; latitude and longitude referenced to NAD 83; NAD 83, North American Datum
1983; USGS, U.S. Geological Survey. All latitude values are north of the equator all longitude values are west of the central meridian]

Report . . Site Site
site USGS station name USGS station number latitude longitude
number

(deg min sec) (deg min sec)

South Yuba River Watershed
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1 South Yuba River at Eagle Lakes Road near Emigrant Gap, California 391948120342201 391952 120°33"54”
2 Humbug Creek above Falls near Nevada City, California 392057120552901 . 3921177 120°5524"
3 Humbug Creek below Falls near Nevada City, California 392040120553701 39°20°47” 120°55'37"
4  South Yuba River near Edwards Crossing near Nevada City, California 391949120585001 39°19°49” 120°59°02"
5 Lake Englebright, South Yuba Arm at Point Defiance Campground near Bridgeport, California 391743121122401 39°17°47" 121°12'277
6 Lake Englebright at Hogsback Ravine near Smartville, California 391442121163001 39°14'43" 121°16°36”
Deer Creek Watershed-
7  Deer Creek Upstream of Scotts Flat Reservoir at Sawmill near Nevada City, California 391745120531201 39°17°44” 120°53°11”
8  Scotts Flat Reservoir Inlet South Shore near Nevada City, California 391716120540701 39'1724” 120°54°00”
9  Deer Creek near Willow Valley Road near Nevada City, California 391602121000901 39'16°04” 121°00°06”
10  Little Deer Creek at Pioneer Park near Nevada City, California 391534121003101 39°'1534” 121°00'37"
o Bear River Watershed
11 Bear River at Highway 20 near Emigrant Gap, California- : 391823120404101 39°18"23" 120°40°46”
12 Bear River below Drum Afterbay near Dutch Flat, California 391513120463101 39°15712” 120°46'33%
13 Bear River below Dutch Flat Afterbay near Dutch Flat, California 11421790 39°12°49” 120°50'45”
14 North Fork of Steephollow Creek near Blue Canyon, California 391642120464701 39°16°45" 120°46'54"
15  Greenhom Creek above Buckeye Drain near Nevada City, California 391437120541201 39°14'40" 120°54'12"
16  Missouri Canyon near Dutch Flat, California 391259120535801 39'12'59” 120°53'59”
17  Rollinis Reservoir First Cove Greenhorn Creek arm near Chicago Park, California ©391000120564301 39°10°05 ~ 120°56f43"
18 Rollins Reservoir Bear arm near Chicago Park, California 390956120542501 39°10'06” 120°54'30”
19  Bear River at Dog Bar Road near Weimar, California 390346121000701 39°03'46” 121°00°09”
20 Lake Combie upper cove by Gravel Mine near Higgins Corner, California 390148121014701 39°00°38” 121°03"31”
21 Camp Fai West Reservoir upper Bear River arm near Wheatland. California 390203121162701 39°01°41” 121°1505”
22 Camb Far West Reservoir at dam near Wheatland, California 390304121184801 39°03°03” 121°18'57”
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I. SUMMARY

. sA<water quality survey was conducted between 1989 and 1991 to assess the pollutant contributions made by inactive mines
~:inithe Sacramento Valley. The goals included estimating pollutant loads and assessing impacts without assuming all mines
sthe watershed had been previously identified. The number of mines chosen for this study (94) were limited to those
that-were known or suspected water quality threats. Perennial adit drainage, waste rock, and upstream/downstream
receiving waters were sampled and analyzed for several heavy metals, arsenic, and conventional parameters (flow, Eh, pH,
EC). Dry )weather loads were calculated with perennial adit drainage data collected largely during drought conditions
87-1991). ' .

active mines were pervasive throughout the Valley outside the central basin and into the surrounding hills and mountains.
though not all mines had perennial adit drainage, waste rock material was observed at every site visited. Further,
storical accounts and site observations indicate that ore processing operations were conducted at most of the mines,
creasing the potential for water quality degradation. Minerals containing copper, lead, cadmium, and zinc were mined
ginning around the mid-1800s. Other g:oducts directly or indirectly mined i the Valley included arsenic, gold, silver,
ercury, and sulfur compounds. Adit

aining metals in the ppm range.

itsreleases in the Shasta Mining District exhibit characteristics typical of acid mine drainage - low pH and high metals
content. Iron Mt. Mine (IMM) was the single largest loader, contributing between 57-85 percent of the estimated copper,

vater:from the entire Spring Creek watershed including adit releases, waste rock erosion and seepage, and background
tream flow. Unlike loads from the other mines, which were calculated using data on perennial adit drainage alone, loads
from SCDD reflect the sum of year-round discharges coming from the IMM complex. The combined loads from all West
Shasta: District mines (Iron Mt.,, Mammoth, Balaklala, etc.) accounted for over 95 percent of the total copper, cadmium,
andizinc inactive mine contributions to the Sacramento Valley. . : : .

54 nnial mine drainage in the Sierra-Nevada mountain range was highly variable in quality. Drainage from gold mines
e Allegheny-Downieville area (Yuba River watershed) was characterized by near-neutral outflow and elevated arsenic.
tive Eh measurements indicate that the arsenic is discharged largely in the less toxic +5 state according to pH-Eh
vhs. Mines in the Foothill Copper Belt (Spenceville, Valley View) exhibited typical acidic drainage but were not major

s due to relatively small out:%ows. : .

cury mines are located in the Cache‘and Putah Creek watersheds. Although most sites were dry, a small number of
ern, foothill mines discharged slightly acidic water characterized by high levels of iron, nickel, and carbonate
pounds. Most waste rock samples contained relatively high levels of mercury. : : :

enty-one of 31 receiving streams monitored during dry periods were impacted by one or more metals exceeding Inland
ace Water Plan chronic objectives. In general, the copper objective was most frequently exceeded followed by zinc and
dmium. Fewer than 9 streams exceeded the lead, nickel, and arsenic objectives and none were measured for chromium,
d'silver. Stream impact length appeared to depend on a variety of factors including compound-specific behavior, dilution
pacity of the stream, mine loads, storm events, and the presence of complexing agents. Receiving water pollutant surges
expected during wet periods from increased adit: outflows, waste rock runoff, and instream resuspension. Copper
measured in Dry Creek below Spenceville Mine duringa 3 inch storm event exceeded the 1-hour EPA hardness factored
tobjective (15 ppb):by up to 8 times-during a 10-hour Feribd: Other mine influenced receiving waters are expected to
experience similar. impacts because of the prevalence ‘of: polluted waste rock piles at most mine sites. Waste rock runoff
ng.the. rainy season was estimated to account for 5-18 percent of the total annual copper, cadmium, and zinc loads
ming:-from Spenceville Mine. This percentage will vary from site to site based on the magnitude of perennial loads -
lues range from insignificant for high volume acid mine drainage to 100 percent for dry mines. It is difficult to estimate
10ff induced loads because of the variety of influencing factors including permeability, varying metals content and acidity,
pe, porosity, rainfall characteristics, etc. : L '
nost all streams influenced by mine drainage eventually pass through one or more ngor reservoirs. The fraction of
‘metals transported through a reservoir appears to depend largely on dam characteristics and the quality of upstream inputs.
%’Fhé’ concentration of several metals remained essentially unchanged between summer input-output flows at a Sierra-Nevada
-:Téservoir. The majority of the annual copper loads into Shasta Reservoir came from inactive mines which likely influenced’
Dam release levels - copper was approximately an order of magnitude greater than what was present in the major feeder
treams not influenced by mine drainage.

ainage quality varied from unpolluted spring water to highly acidic outflow

dmium, and zinc loads. Iron Mt. Mine loads were estimated from Spring Creck Debris Dam (SCDD) which collects

o




II. INTRODUCTION

es once active in the extraction of heavy metals (e.g., mercury, gold, co%pcr, zinc) have exposed sub-surface mineral

eposits-to the weathering attributes of water and air. Orebodies were mined largely around the turn of the century using

yderground and open pit techniques that increased the surface area of minerals mghly prone to breakdown in the presence .
jater; oxygen, and acidophilic bacteria. Metals are leached from the minerals and transported downstream via rainfall

off-or adit discharges. These discharges can cause fish kills that have been documented as far back as 1940 (Nordstrom

al.,:1977). Runoff from discarded mine soils has resulted in the issuance of health warnings against eating mercury
ted fish in Clear Lake and Marsh Creek Reservoir. . :

o' 1972, regulatory action by the regional board to abate inactive mine discharges was hindered by ineffective
tion (Miller et al.,, 1979). The board had limited legal means to force a mine property owner to comply. Because
~gperations ceased altogether, the present mine/land owner was usually unwilling or economically unable to remediate the
Further complications arose when the mine site had been sold by the original mining company. Typically, unresolved
ipliance was referred to the California court system because of the high costs inevitably involved. Many referrals to
vDistrict Attorney or Attorney General were not pursued, referred elsewhere, or decided in favor of the mine owner
- -Penn Mine in 1963; CVRWQCB, 1988). Several major mines in the Central Valley have extensive histories of .
1onal board activity that, in some cases, exceed 30 years. Conversely, active mines permitted by the board are required
omply with the conditions of their permit as a requisite for continued operations. Regulatory options have increased
e pass;-allﬁe: of the federal Clean-Water and.state Porter-Cologne acts, although, some of the same cleanup
ediments still remain. In many instances, government funds have been used to install control measures.. Several control
jects have resulted in reduced mine loads (e.g., Walker, Balaklala mines) but most attempts have not always been so

essful primarily due to ineffective. technology.

vater quality survey of inactive mines was conducted as part of the regional board’s Basin Planning process to obtain
rmation on pollutant loads contributed by Valley-wide sources (which also include permitted, agricultural, and urban
ff discharges). A water quality assessment using load estimates will allow us to.prioritize sources of downstream
dirments and help to focus control efforts on the major contributors. The cumulative input of poltutants from point
non-point sources has resulted in periodic objective exceedances for co per, zinc, cadmium, and lead in the

ento-San Joaquin Delta/Estuary (CVRWQCB, 1991). The regional boardp 1s responsible for developing programs
uce overall'metal loads to the Sacramento River and Delta. Although inactive mines contribute: substantially to
tream concentrations, several questions: remain regarding previously unsurveyed mines, waste rock runoff, and-
0ir- mass balance information. . L L v

study attempted to assess the regional water quality impacts caused by inactive mines-in the Sacramento Valley. In
al the objectives were: - Do e : L

Estimate and:compare the metals loading from known and previously unsurveyed major inactive mines. . -
Determine the pollutant contributions:from waste rock runoff, - - .- . - . . - -
" Assess the mass balance of metals coming into and leaving major reservoirs: -

results of this study show that most of the major mines with perennial drainage had been previously surveyed. The
est-loads of copper, zinc, and cadmium came from mines located in. the Shasta-Mining: District. . The largest: single
for almost all metals was Iron Mt. Mine. Twenty-one of 31 inactive mines with perennial drainage caused impacts
ownstream receiving waters using water quality objectives. Impacts are also: expected at mines without perennial
e due to runoff and seepage from waste rock piles' during the wet season. Waste rock. runoff caused by-a 3 inch
n'event significantly increased the receiving stream concentrations of suspended solids, copper, and zinc, Waste rock
ial was prevalent at all mines surveyed: Dam release water quality is probably influenced to some extent by upstream.
inputs. : S S , T , S . .



II1. MINE DRAINAGE FORMATION

Mine  drainage forms as a result of past mining activities that exposed geological deposits to the natural weatherin,
ttributes of water and air. Air can enter an underground complex as advective drafts and barometric "breathing” througE
jatural-and manmade openings-(e.g., shafts, vents, fractures; Shumate et al,, 1971). Water entering the tunnel system
riginates as rainfall seepage and ground water accretion: (CHZM Hill, 1984).. Ground .water flows intercept- tunnel
assageways following the path: of least resistance and eventually become- surface discharges when the interior floods to
thie;level of the lowermost adit. Water participates in the weathering process as a reactant, reaction medium, and a vehicle
transporting solubilized minerals out of the complex. The high humidity within a mine and large surface area of minerals
exposed: to oxidants are ideal conditions for reactive orebodies to degrade (Shumate et al., 1971). The volume of water
arged varies between seasons and years and outflow loads are strongly correlated with annual precipitation (Heiman,
data). ‘Drainage also originates-at the surface of a mine complex where waste rock piles, composed of extracted
ral:deposits, have been dumped and exposed: to the same weathering. forces. The. off-site movement of pollutants
aleased from waste rock material is largely limited by contact with water from sources such as-precipitation, streams, and
Srings. - The products of waste rock weathering can degrade water quality in the same manneras adit releases - elevated

turbidity, or acidity. .

;

mine fdfﬁinage is gcncrat’ed prxmanly ffoﬁi' thé omdanonof pyntc Pvnte(FeSz), the hidsf common iron 'Elui'sulﬁvde in
otnia (CDMG; 1966), is 'susceptible to breakdown because of its high oxidation potential (Doyle and Mirza, 1989). -
en‘exposed to an oxidizing environment, the ferrous-disulfide bond is cleaved to form sulfuric acid and free iron. The
ierally accepted mechanism for acid formation is reprcsentcd by the following pathways (from Singer and Stumm, 1970):

FeS,(s) + 7/20; + HyO'=> Fe?* + 280 + 2H* - .. .. (@) ... ..~
‘Fe?* +1/40, +H>* =3 F* +12H,0 - @ o
FeSy(s) + 14 Fe®* + 8 H,0 => 1SFe?* +280F + 16H* . - (3} .~ 4

tion-pathways 1 and 3 have been proposed to describe the overall kinetics involved in the breakdown of pyrite. The

. pathway (1) involves oxygen acting directly on the pyrite crystals, whereas, the indirect pathway (3) goes forward only
sthe:iron product of pathway 1-has oxidized to sufficient quantities via 2 (Onyesko, 1985). Oxygen serves as the
/in.1, producing acid at rates typically observed and can groceed'only when an abundant supply of both water and
"iiiloXygeni:are available (Taylor et al.,.1984; Sullivan et al., 1988a-b). Oxygen serves as the ultimate electron acceptor that
Iicleaves the iron-sulfide bond setting into motion a series of hydrolytic. reactions that lead to the formation of sullguic acid
j(Nordstrom, 1982). There are many chemical, physical, and biological factors that can affect the rate of pathway 1 including
perature, residence time of the water, pH of the medium; and the presence of microbes. However, the grain size of
te:is thought to be a major factor controlling it’s:rate.. Framboidal pyrite crystals less than 0.25 micron are much more
ito breakdown than larger, cubic forms (Caruccio, 1975). o S :
on 3 is called the indirect pathway because ferric iron (Fe3*) acts as the oxidant which is produced via conversion
the reduced form largely by a bacterially catalyzed reaction (pathway.2)..The reduced species of iron (Fe** - ferrous)
tially present‘as a product of reactions 1 and 3. The oxidation of the ferrous ion proposed by pathway 2 is strongly
itdted by a-resident microbial community tolerant. of low pH waters (Drever, 1988; Singer and Stumm; 1970, Erlich,
‘Malouf and Prater, 1961; Noike et al., 1983; Sullivan et al., 1988a).. Reaction pathway 2 can proceed inorganically
ithe'amount of dissolved oxygen present in water is insufficient in itself to perpetuate the conversion at observed rates.

e:presence of acidophilic bacteria, the rate of 2 can be accelerated by up to 6 orders of magnitude over the inorganic
oridirect pathway and is governed by the concentration of reduced iron.and size of the microbial population. The ferric
sonscan be generated to levels in water that strongly favor the forward direction of reaction pathway 3. Therefore, in an
“agueous environment, pathway 2 is considered to be the rate determining step in the production of acid. :

ped

drainage is known to support a diverse microbial community in¢luding both heterotrophic (using organic carbon) and
-ophic %using inorganic carbon) strains (Wichlacz and Unz, 1981). Chemoautotrophic bacteria have been isolated as
¢ catalyzing ferrous oxidation and hence the facilitation of acid mine drainage formation. Carbon dioxide is used
0od source which is metabolically incorporated via energy derived from the oxidation of divalent iron. Thigbaccilus
#ferrooxidans and T. thiooxidang have been identified as the principal strains involved and were speciated based on their
affinity for particular reduced compounds and the rate at which the compounds were oxidized (Bounds and Colmer, 1972).
plimum metabolic efficiency is generally attained within a pH range of 2.0-3.5 (Malouf and Prater, 1961) but can vary
1th- temperature extremes (Macdonald and Clark, 1970). Although nutrients could be substituted as an energy source
Noike et al., 1983), their survival in waters above pH 6 are limited by inter-strain competition. . Acidophilic microbes are
eneralists with a wide range of abilities enabling them to survive in extreme environments but are displaced by specialists
cbetter. equipped to compete under conditions that are more favorable (i.c., in neutral streams; Mills and Mallory, 1987).
The:aquatic microbes become attached to stationary objects in the streambed and propagate in layers (Macdonald and
1_?_11‘1_(,.1970) which were found to be more metabolically active than their planktonic counterparts (Mills.and Mallory, 1987).
e:oxidation of ferrous sulfate is thought to occur at the cell wall or membrane (McDonald and Clark, 1970).

L g".'products of pyrite oxidation, as well as the di.ésolution products of other sulfides (e.g., CdS, CuS, ZnS) oxidized in
Similar fashion, concentrate to high levels in the acidic solution and are transported out of the mine complex in a singly




. was present at near af;

complexed or ionic state ("dissolved"; Sullivan et al., 1988a), Minor amounts of dissolved compounds (metals, sulfate, other
ions) crystallize as secondary minerals in the form of basic jron sulfates (e.g., copiapite, jarosite) and can be seen as red
to yellow staining in the impacted streams (Ivarson, 1973; Fillpek et al., 1987).

As pH increases upon mixing with ncari:z receiving waters the dissolved compounds become less soluble and precipitate
out at a rate that is largely controlled by the formation of irgp hydroxides. Between a pH of 2.5 and 4, iron instantaneously
forms large masses of colloidal floc according to standard thermodynamic predictions (pathway 4; Jenke et al.,, 1983).

Fe?3* + 2.3 H,0 => Fe(OH),4(p) + 2-3 H* @)

Iron hydroxides are amorphous in nature (as opposed to crystalline) and are visible as thick, orange, streambed deposits.
Other metals also precipitate as hydroxides when their individual supersaturation points are reached. However, clements
such as copper, arsenic, and zinc are thought to be removed from solution primarily by co-precipitation and adsorption
processes that accompany the formation of ferric and ferrgys hydroxides. Metals can adsor% to the surfaces of forming
colloids. via electro-static attraction (Johnson, 1986). Co-precipitation can also scavenge metals when they are occluded
within the forming colloids or are incorporated as part of the matrix (Harris, 1982). Arsenic, present as an Oxyanion,
directly integrates with iron by out-competing and replacing two hydroxides, resulting in a coordinated complex (Harrison
and Berkheiser, 1982). The resultant removal rate of arsenic from solution by co-precipitation is in direct proportion to
the amount of solid orme(lin&tChapman et al,, 1983), and therefore, very little arsenic remains in solution after acid mine
drainage undergoes a pH shift. Alternately, copper and zinc are removed from solution mainly by electrostatic attraction
forces that are weaker than the complexing forces involved in arsenic removal. Copper and zinc are largely present as aquo
or anion (e.g., sulfate) pairs (Johnson and Thornton, 1937) and are attracted to, not incorporated.into, the forming
hydroxide material. The degree of metals sorption increages with pH (Johnson, 1986; Moore and Sutherland, 1981). As

- impacted water approaches neutrality, most of the metals have become components of the flocculated hydroxides. The

metals remaining in solution continue to exchange with hydroxides (Windom et al., 199:? as well as other stream features
such as the bed substrate, organic material, and suspended particulates (Chapman et al., 1983).

B. Arsenic Drainaée B

Mine drainage with high arsenic levels is associated with Sierra-Nevada mines located in the Allegheny-Downieville area.
Miners. were after underground gold deposits that formeq with arsenopyrite (AsFeS) and calcareous minerals (mainly
CaCO,; Carlson and Clark, 1956). Drainage from this area is dissimilar to typical acid mine drainage in that it is clear,
neutrai to-alkaline in pH, and produces no objectionable iron precipitates or staining. Disproportionately higher amounts
of arsenic are released from arsenopyrite undergoing oxidation (Ehrlich, 1964), partjally explaining the low iron content
in the drainage. Arsenic in neutral waters is largely Eresem as an oxyanion (AsO,™; Burau et al., 1988) and has been
measured as the +5 valence species in mine drainage based on pH-Eh diagrams. Arsenate is 1 to 2 orders of magnitude
less toxic than the reduced valence species - arsenite (+3) . which is present only in reducing waters of less than -0.4 mV
(Moore and Ramamoorthy, 1984; Hem, 1975). In Wwaters not affected by acid mine drainage (low iron content), 50-90

 percent of the arsenic is expected to be dissolved (Johnson and Thornton, 1987).

C. Waste Rock b‘xjainage -

Waste rock material d:l})osited above ground also undergoes oxidative weathering when in contact with water. Waste rock

ly all mine sites visited in this study and can be composed of overburden, gangue material (less valuable
surrounding minerals), and leftover tailings from processed ore (U.S.EPA, 1986). Mineral oxidation and off-site transport
is limited to periods of precipitation when no other water sgurces (e.g., springs, creeks) are in-contact with the waste rock.
In pyritic SOiYS, the potential to generate acid is largely controlled by the availability of water, the presence of calcareous
minerals (mainly CaCO,; U.S.EPA, 1986), and crystal size (Caruccio, 1975). The top 6-14 inches of material is adequately
aerated to provide oxygen at levels sufficient for direct oxidation (Good, 1970). During dry periods, soluble products of
mineral weathering (acid and metals) are transported to the surface via capillary action where they build up between storm
events (Potter, 1976). As a result, analyte levels are higher during the initial stages of a storm event §Harries and Richie,
1983; see Appendix B). The total pollutant content does not exhibit similar first flush effects because of erosional transport.
Measured rainfall runoff coefficients range between 11 and 38 percent and vary with material morphology (Harries and
Richie, 1983) and rainfall characteristics such as intensity and duration (sce Appendix B). Infiltrated water passing through
waste rock material “5“2111?’ emanates with a higher poljutant level compared to surface runoff due to the increased
residence time of water allowed to approach equilibration with leachable acid and metals (Harries and Richie, 1983).
Simple erosional forces can transport particulates and their associated metals off-site regardiess of the pH of the material.



IV. CHARACTERISTICS OF SACRAMENTO VALLEY INACTIVE MINES

A-water quality survey was conducted between 1989 and 1991 to assess the pollutant contributions made by inactive mines
in'the Sacramento Valley. There are hundreds of mine sites in the Valley, some of which are claims or prospects with little
potential for significant water quality degradation. For instance, there are 55 known mine claims in El Dorado County
alone (SWRCB, 1972) and 161 historical mine sites in Sierra County (CVRWQCB, unpub. data). The number of mines
included in this study (94) were limited to those that were known or suspected water quality threats (see Appendix A for
election criteria). The goals included estimating pollutant loads and assessing the impacts of inactive mines without
assuming all individual contributors had been identified and characterized. To achieve this, the mines selected were those

with a history of heavy activity and/or h.lgh ore production.

At‘mines with perennial drainage, water samples were collected and later analyzed for several heavy metals and arsenic.
Conventional parameters were measured on-site at the time of sampling (flow, EC, Eh; pH). Sediment samples were

ollected- at aﬁ, mine sites visited and a limited number were analyzed for similar parameters (see Appendix A for a
omplete description of the methods). Mines not well characterized during previous inspections were monitored several
-times over a 2 year period to account for any seasonal fluctuation in flow-volumes or pollutant levels. Those mines with
-abundant characterization data were not sampled because load calculations and impact assessment could be made using
existing information (largely mines in the Shasta Mining District). Several mines included in the survey were inaccessible

\ narrative description of each mine site with respect to water quality degradation potential is presented in Appendix D.

A. Drainage Characteristics. - : . :
Mine locations areally graphed in Figure IV-1 show that mining was not limited to any one area of the Sacramento Valley.
Table IV-1 summarizes the physical characteristics and historical background of mines in this survey. Inactive mines were
ervasive throughout the Valley outside the central basin and into the surrounding hills and ' mountains. There are six
groadly defined mining zones in the Valley (refer to Figure IV-1 and Table IV-1 for map identification numbers [map L.D.
" #s]): 1) Foothill Copper Belt (map L.D. #s 2, 9, 10, 11), 2) Sierra-Nevada lode gold, 3) Alleghany-Downieville area (map
ID. #520,21,22, 24 aka Creek mines}), 4) Plumas Copper Belt (map LD. #s 32-39), 5) Shasta Mining District gmap
LD. #s 44-57), and 6) western foothill mercury mines (Plates 10-12). Although not all mines had perennial adit discharges
{Table IV-1), waste rock material was observed at almost all mines visited. Further, historical accounts and site
“observations indicate that ore processing and/or beneficiating operations were conducted on-site at a majority of the mines
in the Valley (Table IV-1). This is significant because the mechanical/chemical breakdown of extracted minerals increases
the surface area exposed to weathering and results in a greater potential for water quality impacts. . This potential is
. manifested when waste rock pollutants are transported. off-site into receiving waters during storm events. or from
. intersecting flows. L ' : ' '

- - The general attributes (e.g., products, mineralogy) of Sacramento Valley mines and their drainage quali?' were highly
e variagle. Valuable orebodies containing copper, cadmium, zinc, and chromium minerals were most intensively mined from
.1 the mid-1800’s to mid-1900s. Other products directly or indirectly mined in the Valley included mercury, arsenic, gold,
~silver, sulfur compounds, and paint pigments. Drainage quality ranged from unpolluted spring water (e.g., Silver Falls
Mineé) to highly acidic outflow containing metals in the ppm range (e.g., West Shasta District mines; Table IV-2). Previous
studies generally agree that dramatic differences in water quality and outflow are mainly related to the geological makeup
of underlying minerals and depth to ground water. Underground minerals may have the potential to easily degrade, but
surface releases.would be absent if the water table is below the lower-most. opening. Variability in discharge quality from
" closely located adits meslfr be more related to differences in the residence time of water passing through a complex (Potter,
1976). Water moving slowly through underground workings solubilize pollutants to a higher level given a longer time to
approach their individual saturation points.. At mines with no perennial adit releases, drainage is limited to rainfall and
snowmelt runoff from waste rock material. =~ . Co S

Mines in the Foothill Copper Belt of the Sierra-Nevada range exhibited typical acid drainage characteristics, although, not
all had perennial outflow (Dairy Farm and Big Buzzard were dry): Spenceville and Valley View mines drained acidic water
‘containing high levels of most compounds such as copper, zinc, cadmium, or lead (Table IV-2). The Foothill Copper Belt
identifies a series of mines situated on a geological formation of, in part, massive pyrite deposits located at the western.edge
- of the Sierra-Nevada foothill range between an elevation of 300 and 500 feet MSL. Four mines in this belt were visited
but the polymetallic lens extends down the Sierra-Nevada range, well outside the Sacramento Valley. There are other
%gmﬁcz)mt acid mine drainage producers in the Foothill Copper Belt not included in this study (e.g., Penn Mine, Calaverous

ounty). » o . ! - _
Drainage from gold mines in the Allegheny-Downieville area (located in the Yuba River Watershed) was characterized
-by near neutral outflow and elevated arsenic levels (Table IV-2). The mineralogy of the area has been extensively studied
because of the lode-grade gold deposits. Mining journals describe. gold veins that were deposited in close association with
carbonate minerals and arsenopyrite (AsFeS; Carlson and Clark, 1956), which partially explains the drainage makeup.

watershed. United States Forest Service personnel have counted over 140 mines in this watershed including 16 to 1,
Kenton, and Oriental (Daniels, pers. comm.). There are also a number of smaller mines discharging in the Yuba River
-watershed that were not included in this survey (ng%ens, pers. comm.). Arsenic from these mines remains largely in
solution in the downstream receiving waters because of the low iron content and near neutral pH of the drainage - arsenic
is known to be effectively removed from solution by hydroxide precipitates. Positive Eh measurements of the drainage

5

r could not be located. Data from past monitoring programs and the results of this survey are reported in Appendix C..

Notable arsenic sources in the area include the Plumbago and Brush Creek mines and those situated in the Kanaka Creek
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Table 1y-1.5

SACRAMENTO VALLEY' l»&lA/tirlvé MINE

-CHARACTERISTICS.

WAP.
1 D MINE NAME

COUNTY

RECEIVING WATER SEQUENCE

USGS GUADRANGLE
TITLE (MINUTES)

RANGE

DISTRICY buct

PERERRTAL
DISCHRG? ONSITE PROCESS

‘

Riv

ORE MINERALOGY -up
** JATERSHED : Folsom Lake i
1 Funnybug El Dorado Weber Cr - SF American Riv - Shingle Springs Sec 3 T12N Foothill Cu, Au Pyrite,chalcopyrite,spheleri unk
Folsom Lake ' (7.5) . R10E : te,arsenopyrite,-stiﬁn!te,gal
. . ena,hematite:
2 Big Buzzard El Dorado Folsom Lake Pilot Hill Sec 29 T11N W. Foothill Cu,Au, Sphalerite, pyrite, no 5 stamp mill
7.5) R8E Zn chalcopyrite, galena
3 pPillikan(areas 1-11) El Dorado NF American Riv - Folsom Lake Pilot Hill Secs 21,28 Fla?staff cr Chromite, dunite, no Mill 1894
(7.5) T11IN RBE Hil pKroxenite, garnierite
4 Lilyama El Dorado Hastings Cr - SF American Riv Coloma (7.5) Sec 3 T11N- W. Foothill Cu,Au, Chalcopyrite, bornite, yes Ball mill, 1860
- Folsom Lake : ROE : Ag hematite, scf\eelite, pyrite f:otation
: ' ) ant
5 Black 0ak EL Dorado Johntown Cr - Dutch Cr - SF~ Garden Valley Sec 27,34  Garden Au Pyrite no all mitl,
American Riv -~ Folsom Lake (7.5) T124 RiOE valley f{otation
. : plant
6 Georgia Slide El Dorado Canyon Cr - MF American Riv - Georgetown Sec 3 T12N . Au pyrite unk Stamp mill
folsom Lake (7.5) R10E
7 El Dorado El Dorado Little Sailor Cr - Big Saitor Garden Valley -Sec 34 T12N Foothill - Cu, Au Chalcopyrite, pyrrotite, unk
Cr - Dutch Cr - SF American - (7.5) R10E " pyrite
Riv -
8 Alhambra El Dorado Rock Creek - SF American Riv - Garden Valley Sec 6 T11IN Au Arsenopyrite, pyrite yes Mill and 1883
Folsom Lake (7.5) R11E i : flotation
) plant
** UATERSHED : Bear River/Dry Creek . -
9 valley View Placer Coon Cr - Feather Riv Lincoln (7.5) - Sec 13 T13N Dairy Farm Cu, Chalcopyrite, cuprite, yes 40 stamp mitl 186~
‘. RGE Au, Ag pyrite, zinc sulphides
10 Dairy Farm Placer Camp Far West Lake l(:glng)rar West :gg 27 T14N Dairy Farm ﬁu, A Copper sulfides no Cyanide plant 1904
e . g, AU
11 spenceville Nevada Little Dry Cr. - Dry Cr - Bear Cang Far West Sec 26,35 Spenceville Cu, Gossan, chalcopyrite, yes Smel ter 1862
Riv . 7.5 T15K REE #2504 pyrite, bornite
12 Empire Nevada Little Wolf Cr - "Wolf Cr - Grass Valley Sec 35 T16N Sulphur Hg Cinnebar yes Cyanide plant,
Bear Riv 5 R8E Creek 25 60 stamp
mills,
) : tailings pond
13 1daho-Maryland Nevada Wolf Cr - Bear Riv Ggg;;s valley ggts: 26 T16M erﬁs Au Pyrite, chalcopyrite, galena no 20 stamp mill 1865
al Ley
14 Lava Cap Nevada Little Clipper Cr - Clipper Cr Colfax (15) Sec 28 T16N Nevada City Au Pyrite, arsenopyrite, yes St mill 1861
- Little Greenhorn Cr - ’ R9E - ' sphalerite, gagena cy:f\?de plant
Greenhorn Crk - Bear Riv
*% YATERSHED : Yuba River . ' *
5 Banner Nevada Little Deer Cr - Deer Cr - SF Colfax (15) Sec 16 T16N Nevada City Au Pyrite, arsenopyrite, unk None 1889
. Yuba Riv - Yuba Riv . R9E sphaterite, galena
16 champion Nevada Deer Cr - Yuba Riv Nevada City Sec 11,12 Nevada City Au Pyrite, chalcopyrite, gatena yes 40 stamp mill,
: (15) - T160 ROE. : : ST cyanide plant,
tube mill,
. flotation
. .. L plant’
17 Malakoff Diggin's Nevada Humbug Cr - South Yuba River Alleghany (15) :?U:El. T18N Au yes
18 spanish Nevada Poorman Cr - SF Yuba Riv - Atleghany (15) Sec 31 T18N Washington Cu, Ba Barite yes 10 Stamp mill, 1883
Yuba Riv R1E f{otation
. . ant
19 san Juan Nevada Sweetland Cr - Yuba Riv French Corral Sec 12 T17N North San Au, Cu Auriferous sutfides, no nknown
) (7.5) RTE Juan chalcopyrite
20 Kenton Sierra légnaka Cr - MF Yuba Riv - Yuba Alleghany (15) §$3E4 T18N Alleghany Au Quartz yes Stamp mi Ll
iv
21 Sixteen to One Sierra Kanaka Cr - MF Yuba Riv - Yuba Alleghany (15) S?E 34 T19M Alleghany Au Arsenopyrite . yes
E
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HAP .
I D MINE NAME

COUNTY

RECEIVING WATER SEQUENCE

Table V-1,

CHARACTERISTICS.

USGS QUADRANGLE
TITLE (MINUTES)

RANGE -

“ SACRAMENTO VALLEY INACTIVE MINE

PERENNTAT
DISCHRG? ONSITE PROCESS -UP

22 Brush Creek

23 Pick & Shovel

24 Plumbago

25 Sierra Homestake
26 Zuver

27 Sierra Buttes

28 Columbo

Sierra

Yuba

Sierra
Sierra
Sierra
Sierra

Sierra

*% UATERSHED : Butte Creek

29 Mineral Slide
‘*SgAlsﬁzgz?E;reka

31 Big Bend

32 china Gulch

33 Iron Dyke

34 Walker

35 Reward #7
36 Beardsley

37 Lucky S
38 Superior-Engel

39 Mountain Meadous

** UATERSHED : Pit River

40 Goiden Eagle

Butte

Feather River

Plumas
Butte
Plumas

Plumas

Plumas

Plumas

Plumas

Plumas

Plumas

Lassen

tassen

** YATERSHED : Shasta Lake

41 Coggins
42 Castella

43 Forest Queen

Shasta
Shasta

Shasta .

Woodruff Cr - NF Yuba Riv -
Yuba Riv

Pats Guich - Slate Cr - MF
Yuba Riv - Yuba Riv

Buckeye Ravine - Wol f Cr - MF
Yuba Riv - Yuba Riv :

N Yuba Riv - Yuba Riv

NF Yuba Riv - Yuba Riv
N Yuba Riv - Yuba Riv
NF Yuba Riv - Yuba Riv

Little Butte Cr - Butte Cr -
Sacramento Riv

Jamison Cr - MF feather Riv -
Oroville Lake

Frazier Cr - NF Feather Riv -
Lake Oroville :

Willow Cr - MF Feather Riv -
Lake Oroville

Taylors Cr - Indian Cr - EBNF
Feather Riv - Nf Feather Riv -
Lake Oroville

Little Grizzly Cr - Indian Cr
- EBNF Feather Riv - NF
Feather Riv - Orovil le Lake
Ward Cr - Indian Cr - EBNF
Feather - NF Feather Riv

WF Davis Cr - Davis Cr -

‘Hosselkers Cr - Indian Cr -

EBNF Feather - NF Feather Riv

Peters Cr - Lights Cr - Indian

Ef - EBNF Feather - NF.Feather
iv

Lights Cr - Indian Cr - EBNF

feather Riv - NF Feather Riv -

Oroville Lake

Mtn Meadows Cr - Mtn Meadows

Res - Lake Almanor :

Silva Flat Reservoir - EF
Juniper Creek - Pit River

Little Castle Cr -
Riv - Shasta Lske
Indian Cr - Castle Cr -

Sacramento Riv - Shasta Lake

Sacramento

Goodyears Bar
crsyeers far

" La Porte (7.5)

Alleghany (15)
Sierra City
(15)

Sierra City
(15)

Sierra City
(15)

Sierra City
(15)

Paradise (7.5)

Downieville
(15)

Big Bend
Mountain (15)
Bucks Lake (15)

Greenville (15)

Mt. Ingalls
Genesee Valley
(7.5)

Genesee Valley
(7.5)

Kettle Rock
15) '
Greenville (15)

Westwood (7.5)
Hagden Hitt
(15

punsmuir (15)

Dunsmuir (15)

NF Shotgun Cr - Sacramento Riv Dunsmuir (15)

- Shasta Lake

Sec 17
Tion rioce

Sec 23 T21N
R9E

Sec 1t T184
R10E

Sec 1 T20N
R12E

Sec 12 T20N
R12E

Sec '29 T20N

R12E
Sec 19 T20N
R12E

Sec 3 T22M
R3E

Sec 23,26
1228 RIIE
Sec B T21N
RSE

S;c 34 T23N

R7E
Sec 34 T25N
R10E
Sec 7 T24N
R12E

Sec 14 23
725N RYME
Sec 14 T26N
R11E

Sec 28,33
1270 RIAE

Sec 17 127N
R11E

Sec 29 T28N
R1OE™ - -

Sec 37 T36N
R9E -

Sec 16 T38N
R4M

Sec 16 138N
R4M

Sec 22,27
1378 RéU

PRO-
DISTRICT bucY ORE MINERALOGY
Dounieville Au Auriferous arsenogrritg,
galena, pyrite, chlorlite,
serpentine
Alleghahy Au Quartz
Alleghany Au Malachite, chalcopyrite
Allegheny Cu
Allegheny Au, Ag
Sierra City Au “Andesite
Au
Johnsville Au Pyrite, chalcopyrite,
. arsenopyrite, galena
) Cu
Taylorsvill Cu,Ag, Malachite, azurite,
e Au pyrrhotite, chalcopyrite
Genessee Cu, Au Chalcopyrite,tetrahedrite,p
rite pyrrotite,chlcocite,s
alerite,galena
Genessee Cu Eﬁidote, garnet, pyrite,
chalcopyrite, bornite
Genessee Cu, Au Chalcopyrite, Bornite
Genessee Cu, Au PKrite, sphalerite,
chalcopyrite, galena
Lights Cu,Ag Chalcopyrite, bornite
Creek
Cu
Hayden Hill Au
Cr
punsmuir None None
Dunsmuir cr Chromite

yes

yes
yes
unk
no

unk

yes

unk

unk

unk

yes

no

yes

no

3

3

None

Unknown

Rod mill,

cyanide mitl

10 stamp mill, 1875
cyanide mill,

baltl mill
None 1887
60 stamp mill 1851
1860
Flotation 1915
plant, batl
milt, crusher
unknown
1913
5 stamp mill

Stamp mill and 1894
oil flotation
plant

Mill and
cyanide plant

1942
Chromite mill

None
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PAP.-
1 D MINE NAME

RECEIVIRG WATER SEEUENCE

USGS GUADRANGLE
TITLE (MINUTES)

7 SACRAMENTO.VALLEY |
CHARACTERISTICS: ~ -

DISTRICT

pucT

ORE MINERALOGY

. .
DISCHRG? ONSITE PROCESS -UP

-

COUNTY " RANGE
44 Bully Hill Shasta Town Cr - Shasta Lake Bollibokka Mtn Sec 16,22 €. Shasta Cu,Zn, Plrite, sphalerite, yes Smelter, 1860
. (15) 1344 R3W Pb,Cd chalcopyrite, galena, flotation
) tetrahedrite bornite plant
45 Rising Star Shasta Horse Cr - Shasta Lake Bollibokka Mtn Sec 15,21 E. Shasta Cu,2n, Pzrite, sgha[erlte, yes Smelter, 1860
: 15) . T340 RYW i Pb,cd chalcopyrite, galena, flotation
tetrahedrite, bornite lant
46 Keystone Shasta West Squaw Cr - Shasta Lake French Gulch gg;:' 14 1334 W, Shasta :u,éu, Copper sulfides yes nknown
: . ( ) g, n
47 Early Bird ~ Shasta Hest Squaw Cr - Shasta Lake l(’;gnch Gulch gga 10 7338 W. Shasta Cu, Zn Chalcopyrite yes
’ . ! ) .
48 Balaklala shasta West Squaw Cr - Shasta Lake Shasta Dam Sec 12 T33N W. Shasta Cu, Pyrite, chalcopyrite, yes Smelter near 1890
. R6W In, sphalertite, galena, Coram
- ) ) Ag, covellite
49 shasta King Shasta West Squaw Cr - Shasta Lake ?;a;ta Dam :gﬁ 1 1334 W. Shasta gg,:n, yes
' . .9) LAu .
50 Mammoth Shasta Little Backbone Cr - Shasta tamoine (15) Sec 32 133N W. Shasta Cu,Zn, Pyrite, chalcopyrite, yes Smelter & 1900
: Lake ’ R&W Au,Ag sphalerite miles away
near Kennett
51 Sutro Shasta Little Backbone Cr - Shasta Lamoine (15) Sec 29,30 W. Shasta Cu yes
Lake T34N_RSW .
52 Golinsky Shasta Li't(tle Backbone Cr - Shasta Lamoine (15) :ga 28 T340 W. Shasta gu,Zn, Copper sulfides yes Unknokn
Lake u
** JATERSHED : Sacramento Riv, Upper . - )
53 Stowell Shasta Spring Cr '~ Sacramento Riv ?t;agga Dam gga 13 1338 W. shasta Cu Chalcopyrite - yes
54 Gladstone Shasta Cline Gulci\‘- Clear Cr - French Gulch Sec 18 T33N French Au Quartz, pyrite, galena, no 30 stamp mitl
: Whiskeytown:Lake - Sacramento (15) REW Gulch sphalerite, arsenopyrite
Riv )
55 Afterthought Shasta Little Cow Cr - Cow Cr - Millvitle (15) Sec 10,11 E. shasta Cu,Zn, Sphalerite, chalcopyrite yes Flotation 1903
Sacramento Riv " 133N_RW o Au,Cd lant, smelter
56 Thompson Shasta EF Stillwater Cr - Stillwater Progect City Sec 34 T33N E. Shasta Cu Pyrite, chalcopyrite, no nknown
: : Cr - Sacramento Riv (7.5) R4Y ] bornite, quartz
57 Iron Mountain shasta Spring Cr - Keswick Res - French Gulch Sec 34,35 W. Shasta Cu,Zn, Pyrite, chalcopyrite, yes Flotation 1879
Sacramento Riv 15) T33N RéW . Au,Ag sphalerite mill, cyanide
_plant
58 Greerhorn Shasta Wiltow Cr - Crystal Cr - Clear French Gulch Sec 31 133N French Cu,Au, Pzrite, chalcopyrite, yes gopper 1900
Cr - Whiskeytown Lake (15) R ) Gulch Ag,Cd chalcocite s?dlmentation
. ' . ant
59 JCL shasta Olney Cr. - Sacramento Riv - Redding (7.5) Sec 8 TIW unk P
. Shasta Lake ’ . R5W
60 Yankee John Shasta Olney Cr - Sacramento Riv Redding (7.5) :gc 17 131N no
61 White Star Shasta Andrews Cr - Clear Cr - French Gulch Sec 18,19 no
" Sacramento Riv (15) 731N RéW
62 Silver Falls Shasta Ardrews Cr - Clear Cr - French Gulch Sec 18,19 Igo Ag,Au Tetrahedrite, gslena, yes Unknown
Sacramento Riv (15) 131N RéW pzrite, spha(erite. .
chalcopyrite
63 Midas Shasta Harrison Gulch - MF Cottonwood Chanchenulla Pk Sec 3,4 Harrison Au Quartz no 20 stamp mill,
Cr - Cottonwood Cr - 15) T29N RIOW  Gulch cyanide ptant
) Sacramento Riv .
64 Round Bottom Shasta MF Beegum Cr - Beegum Cr - Dubakella Mtn  Sec 5 1288 Platina Cr Chromite yes Unknown
Cottonwood Cr -~ Sacramento Riv (15) R10W .
** YATERSHED : Stony Cr / Elder Cr ) . ' i : .
65 Grau Tehama NF Elder Cr - Sacramento Riv" Raglgn Ridge :;S 17 125N Cr Chromite, serpentine no
. (.
66 Hoble Electric Tehama NF Elder Crk - ‘Sacramento Riv Rggéin Ridge S;ﬁ 17 125N cr Chromite, serpentine no 1915
(7.5)
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Table 1V-1. SACRAMENTO VALLEY INACTIVE MINE
CHARACTERISTICS.
WP USGS GUADRANGLE - - PERERNTAL
1 D MINE NAME COUNTY RECEIVING WATER SEQUENCE TITLE (MINUTES) RANGE DISTRICT DUCT  ORE MINERALOGY DISCHRG? ONSITE PROCESS -UP
67 Grey Eagle Glenn Heifer Camp Cr - NF stony Chrome (7.5) - Sec 25 T22M Cr Chromi te no
Creek - Black Butte Reservoir © RW
- Stony Cr - Colusa Drain :
68 Black Diamond Glenn Watson Cr - Grindstone Cr - Chrome (7.5) Sec 25 T22M Cr Chromite no None 1892
Stony Cr - Black Butte ) R7W - }
Reservoir - Stony Cr - Colusa
) Drain
** WATERSHED : Cache Creek . . . o
69 Sul fur Bank Lake Clear Lake Clearlake sec 6 T130 Clear Lake Hg Cinnabar, marcasite, pyrite no Knox-Osborne, 1873
Hightands (7.5) R7W - sulphu 3 scott
r furnaces,
several
D-retorts and
. rotary furnace
70 Elgin Colusa  MF Sulphur Cr - Sulphur Cr - Wilbur Spring Sec 13 T14N Sulphur Hg,sul Cinnabar unk Retort furnace
Bear Cr - Cache Cr (15) R6H Creek  phur .
71 Empire Colusa Sulphur Cr - Bear Cr - Cache Wilbur Spring Sec 29 T14N Sulphur g Cinnabar no D-Retort
cr - ) (15) R5W Creek .
72 Manzanita Colusa sulfur Cr - Bear Cr - Cache Cr Wilbur Spring Sec 29 T14N Sulphur #g Au, Cinnabar no Stamp and 1863
(15) R5W - Creek su[ph Huntington
mitls, retort
furnace
73 Centrat Colusa gulphur Cr - Bear Cr - Cache u'i‘ébur sSpring s§c 28 T14N gulpl':ur Hg Cinnabar no :
r . (15) R . reel
74 Wide Awake Colusa Ssulfur Cr - Bear Cr - Cache Cr Wilbur Spring Sec 29 T14N Hg Cinnabar no Large Scott 1875
(15) - R5M Furnace, small
: . : gipe furnace
75 Abbott Lake Grizzly Canyon - Harley Guich Wilbur Springs Sec 32 T14N Sulphur Ha Cinnabar no cott furnace, 1862
- Cache Cr 15) RSM Creek rotary kiln,
cyclone dust
: . collector
76 Turkey Run Lake Grizzly Canyon - Hartey Gulch Wilbur Springs Sec 32 T14N Sulphur Hg yes
- Cache creek (15) R5W Creek
77 Reed Yolo Davis Cr - Cache Cr Knoxvitle (15) s;a 25 T12N Knoxville yes
R
78 Harrison Yolo Davis Cr - Cache Cr Knoxville (15) s§a 35 T12H unk
’ R
** YATERSHED : Lake Berryessa,Putah .
79 Knoxville Napa Knoxville Cr - Eticuera Cr ~ Morgan Vatley Sec 7 T1IN Knoxville Hg Cinnabar, pyrite no scott furnace, 1862
Lake Berryessa (15) R4W D-retort,
rotary pipe
- furnace
80 Manhattan Napa Hunting Cr - Putah Cr - Lake Morgsn Valley Sec 1 T1IN Hg Cinnabar unk 1863
Berryessa : (15) RS
81 Red Elephant Napa Jericho Cr - Hunting Cr - Morgan valley Sec 3 T11H Knoxvitle Mg Cinnabar . no Rotary furnace
Putah Cr - Lake Berryessa (13) ) R5HW ' Co .
B2 Copper Prince Lake Putah Cr - Lake Berryessa ghisper;ng) g;a 19 T1IN Cu Arurite, malachite, sulphide unk
’ ines (7.
83 Big Chief Lake Anderson Cr - Putah Cr - Lake Hhispering ' Sec 35 T11N Mayacmas Hg Cinnabar no Rotary kiln 1916
Berryessa Pines (7.5) REUW
84 Big Injun Lake Bear Canyon Cr - Putah Cr - Whispering Sec 35 T11IN Mayacmas Hg Cinnabar no
Lake Berryessa Pines (7.5) R8W )
85 Anderson Lake Anderson Cr - Putah Cr - Lake Hl_nispering Sec 35 T11IN Mayacmas Hg Cinnabar, pyrite, calcite yes - pipe retort
Berryessa Pines (7.5) R8W ) furnaceé
D-retor

furnace
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Table IV-1.
Co CHARACTERISTICS.

SACRAMENTO VALLEY INACTIVE MINE

e s

AP . U5GS GUADRANGLE - PRO- PERERNTAC — ——
I D KMINE NAME COUNTY RECEJVING WATER SEQUENCE TITLE (MINUTES)  RANGE DISTRICY DUCT  ORE MINERALOGY DISCHRG? ONSITE PROCESS -UP
86 Gresat Lake St. Harys Creek - St. Helena Mount St Hetena Sec 16,17 Meyacma Hg Cinnabar, pyrite yes Brick, Scott, 1873
Western,old/new Creek - Putah Creek - Leke {15) 1108 R7W . and Herreshoff
. Berryessa furnace, 4
D-retort
furnaces
** ATERSHED : Lake Berryessa,Pope o .
87 Corona - Napa James Cr - Pope Cr - Lake Detert Sec 32 T10N Mayacmas Hg, Cu Cinnabar, serpentine, pyrite yes Scott and pipe 1895
Berryessa Reservoir (7.5) R6H furnaces
88 Twin Peaks Napa Bateman Cr - James Cr - Pope Detert Sec 4 T9N Mayacmas Hg Cinnabar, serpentine, yes Rotary pipe 1902
Cr - Lake Berryessa Reservoir (7.5) R&W ch{xiaes millerite {nicket furnace
: sulphide
89 0at Hill Napa James Cr - Pope Cr - Lake Detert = Sec 33 T10N Msyacmas Hg Cinnabar, calcite, pyrite no Scott Furnace, 1867
. Berryessa Reservoir (7.5) R&W rotary furnace
90 Aetna Extension Napa James Cr - Pope Cr - Lake Detert Sec 34 TION Aetna Hg Cinnabar, millerite no 1
Berryessa ) Reservoir (7.5) R6W Springs
91 oat Hill Extension HNapa James Cr - Pope Cr - Lake Detert Sec 27 T10N Mayacmas Hg Cinnabar no
Berryessa Reservoir (7.5) R6W :
92 Aetna Napa James Cr - Pope Cr - Lake Detert Sec 3 T9M Hg Cinnabar no Scott furnace,
Berryessa . Reservoir (7.5) R&W rotary
furnace, mitl,
2 D-retort
' furnaces
93 Grenada Napa James Cr - Pope Cr - Lake Detert Sec 34 T10ON Mayacmas Hg Cinnabar no None
: Berryessa Reservoir (7.5) R&W
- 94 Yoyon Napa- Jomes Cr - Pope Cr - Lake Detert Sec 34 V10N Mayacmas Ho -Cinnabar no small furnace
Berryessa Reservoir (7.5) R&M
1/ The mineralogical characteristics of the mines were taken from DOM, 1957; DMG, 1966, 1970a-b; CIMG, 1956,

1937a-b, 1936a-b, 1942, 1946, 1947a-b; and CSMB, 1918, 1915, 1916. Map Identification Numbers correspond
to mines areally located on Figure IV-1. Mineral formulas, names, and abundances in California can be found

in Table F-1.
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Table IV-2. AVERAGE WATER QUALITY CHARACTERISTICS OF SACRAMENTO VALLEY MINE DRAINAGE OR DRAINAGE INFLUENCED STREAMS SAMp{p
BETWEEN 1987 AND 1991 (AVERAGES FROM TABLE C-1 AND C-2).

4 AVE. AVE. MeD- AVERAGE TOTAL CORCENTRATION (UG/T)
[.D. Eh FLOW IAN  ~-==meecwcec-esmcicesasaresamaoa-cessamseseneasmsmccecooosomox= IRQ)
NO. HMINE. ADIT . mvy  (l/s) pH  ARSENIC CADMIUM CHROMIUM COPPER  LEAD NICKEL ZINC SILVER (MG/U
Kanaka Creek mines 4/ 19T 752 6.46 U <U.7 T <T <5 <& <y <t <Uu3p
9 valley View 427  0.11 1.70 75 5,500 170 123,500 39 650 245,000 <10 66
11 Spenceville 2/ 15.5 7.08 3.1 0.18 < 375 <5 <4 299 <1 1.0
12 Empire (Nevada Co.) 29 8.13 6.66 49 <0.1 <1 <1 <5 <4 mn <1 4.7
14 Lava Cap ' 275 5.86 7.60 57 0.2 <1 27 < <4 19 < 0.1
16 Champian 2.26 <1 0.7 <1 1 <5 <4 1 <1 1.5
17 Malakoff Diggn’s 176 21.9 6.52 4.5 <0.1 3% 2 <5 44 41 <1 19
18 Spanish Upper - 68 2.30 5.67 16 3.8 <1 193 110 19 21 <1 37
1 to1 260 2.92 3.50 6.2 5.3 1 267 29 110 2,050 <1 2.05
22 Brush Creek Main 83 26.9 7.62 221 <Q.1 2.1 1 <5 133 <10 <1 «<0.03¢
Upper 87 6.51 7.10 62 <1 29 .
23 Pick & Shovel 126 2.21 6.28 1.5 <0.1 1 <1 <5 137 o <1 0.03
24 Plumbago 235 3.27 7.90 - 264 <0.1 .2 2 <5 15 <10 <1 0.065
28 Columbo 166 31 7.01 0.8  <0.1. 2.5 <1 1 < <100 <1 <0.03
34 walker C 6.55 7.34 <1 0.1 <1’ 250 <5 <4 10 <1
37 Lucky-$ 130 3.64 6.04 <2 2.7 <1 7 <5 <4 298 . <1 ]
44 Bully Hill 0.85 4.30 <« 248 <1 5,053 31 2 13,375 <10.225 ¥
45 Rising Star- 2.66 3.30 845 130 3 3,100 45 12 30,000 - - 153 ¥
46 Keystone ;. L 2.15. 3.18 78 9,658 21 3/ 16,705 17.9
_ ‘ 47 Early Bird 1/ - ‘ 0.17 2.50 487 99,365 ' 116,400 '
48 Balaklala Main 3.85 2.91 ‘ - 320 - 18,800 . . 27,692 147 3)
. Weil 0.28 2.M 42 109,463 17?,308 8,720 _3/
49 shasta King 1/ Upper 3/ 0.3 2.25 _ - 334 64,000 . 58,900 ° 223
_ Lower - 0.15 2.20 320 3/ 349 20 3/ 63,800 100 3/ 67,200 . 1,008
50 Mammoth 300 Level : 0.06 1.79 ' 1,450 166,675 257,475 . 883
X " Gossen #2 - 2.09 2.16 20 3/ 183 104,920 <50 3/ 25,438 19.2
s Friday-Lowden S 9.63 2.9 70 6,547 11,910 - 26.2
51 sutro 3/ Upper . 2.7 3.80 8 960 410 1.06
Middle - 8.13. .6.80: 1.5 107 - . 387 0.23
Lower 19.2 6.5 17.3 : 1,210 T |- -+ 0.45
52 Golinsky 3/ - 0.86 2.90° 309 . 12,413 2 27,035 29.6
|53 Stowell - 1.26 3.48 3 4,625. _ 6,615 26.8° 3/
55 Aftrerthought . 0.88 3/ 2.70 25 340 2 14,000 4] 32 93,000 <1 104 3/
Spring Creek Debris Dam 5/ 518 807 2.80 44 9% 1. 3,077 20 12 19,460 <1 125 3
58 Greenhorn North 4246 0.04 2.34 105 - 665 10 69,333 30 137 160,000 <1 890
Middie 171 0.49 5.16 8. 2.75 <1 2,450 <5 <6 1,450 <1 29
South 135 0.05 5.74 <1 12.5 <1 200 <5 <4 4,600 <1 120
62 Silver Falls. 0 6.7 <1 <0.1 <1 <1 <5 <4 6 <1
76 Turkey Run 0.19 7.83 <1 <0.1- 3 <1 <5 <b <1 <1
77 Reed 94 0.16 6.33 59 <0.1 46 <1 <5 1,200 20 . <«
85 Anderson West -85  0.14 6.77 3.3 <0.1 4.3 9 <5. 107 156 <1 7.00
» East 91 0.5 6.61 9.3 <0.1 <1 15 <5 92 73 <1 2.70
86 Great Western 172 0.33 7.36 <1 <0.1 4 1 <5 34 15 <1 0.79
87 Corona Main 0.3 7.40 2.5 <0.1 33 0.5 <5 2,950 43 <1 53
Water tunnel 120 2.87 5.73 <2 <0.1 41 <1 <5 9,350 197 <1 250
. 88 Twin Peaks 143 0.26 6.30 <1 0.13 5.7 <1 <5 1,800 29 <1 15
1/~ Post-plug average. %7 Drains watershed cantaining many mines including 16-to-1 and Kenton.
2/ Below mine in Little Dry Creek. 5/ Drains watershed containing Iron Mt. and Stowell Mines.

3/ 1981-86 data.
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hiit-arsenic is present largely in the less toxic +5 state based on pH-Eh graphs. This Asgsi ificant since arsenite
+1'to 2 orders of magnitude more toxic to aquatic organisms than the arsenate ( species (Moore and

- ines in: the Sierra-Nevada range exhibited dissimilar characteristics. The commodities mined at individual sites
ded;polymetallic (e.g, Spanish Nﬁne‘)l,‘ﬁold, chromium tsmings in the American River watershed), and copper. (Plumas
‘her’Belf)-minerals. Spanish Mine outflows were slightly acidic (pH = 4-6) and contained low to-moderate levels of
<tals-analyzed (Table IV-2). An air vent-at the large gold mine, Empire, discharged slightly acidic water containin,
riinal’levels of nickel and arsesic. Chromite was mined in the American River watershed (Figure IV-1, Plate 1
both:surface and underground-extraction techniques, although, water: panded in the open pits was relatively free of
sllatants. Mines in the Feather River watershed (Plumas Copper ‘Belt; Plate 4) exhibited the most anomalous
ge'makeup. “The main adit at Walker Mine had, at one time; discharged high volumes of low pH water to the N.
S or River watershed (Croyle, pers. comm.). The adit was plugged in 1986 and presently releases near neutral water
“moderate-levels of copper originating from the raceway in front.of the plug. Other metals were virtually absent
drainage (Table IV-2). Adit outflows from the Lucky-S copper Mine tested:slightly acidic and contained low to
2levels ‘of cadmium, copper, and zinc. Although the mineralogical surveys suggest otherwise (Table IV-1), the
Hdiiron content typical of acid mine drainage waters-was absent from Lucky-S outflows. Several reasons ma
%56 conditions including mineral morphology, residence time of the water, and the high elevation (6,800 feet MSLg
low temperatures may preciude extensive mineral oxidation.- . B

ern Sacramento Valley, adit releases from mines in the Shasta Mining District (map LD. #s 44-58; Plates 7
exhibited quality conditions typical of classic acid mine drainage - low pH and high metals content (Table IV-2).
baical‘surveys for the area describe the presence of massive pyritic deposits that are easily degraded. -High annual
sesssiration’(40-80 inches/year) also-contributes to the formation and discharge of strongly &ollutcd water. The orebodies
¢a‘were very mineralogically diverse as reflected in the wide range of compounds directly or indirectly mined

gisilver, arsenic, gold, copper, lead, and zinc. Most of these metals were also found in drainage which generally
tained‘copper, iron; and zinc 1o the ppm range and lead, arsenic, and nickel in the tens of ppb. The low pH (2-4) and
idizing conditions (Eh ca 500-mV; Table IV-2) keep the metals in solution. The largest discharging mines are
tourid.Shasta Reservoir in the West Shasta Mining District and include the Iron Mt., Balaklala, Keystone, and

th mine complexes. '

mestlocated in‘ the western foothills were largely either chromite (Grau, Noble Electric, Grey Eagle) or mercury mines
little'or no-adit outflow (Table IV-1). Western foothill chromite mines were Jocated in the rain shadow of Tehema
Glericounties (Plate 9) and, although, the topography of the area is steep and mountainous, the absence of perennial
‘likely due to limited rainfall. Further, ponded water in an open pit at Grey Eagle Mine tested neutral and was
ifrée of metals, indicating unreactive mineralogy. : e L C - .

» cinnabar (HgS) extraction mines are located in the Cache and Putah Creek watersheds (Table I'V-1). Most of the
stern*foothiill mercury mines were dry with' no perennial discharges. Adit drainage from a few mines (map 1.D. #s 77,
186;87:+88):was characteristically high in iron, nickel, and carbonates (Table IV-2). Corona Mine discharged the highest

n6s(2:3'1/s [ca 1/10 CFS]) of nickel-iron-polluted water with the pH ave‘:ﬁ?ng around.5.7. The high nickel levels
mezdsured-up to 12 ppm) are explained by geological surveys reporting nickel sulfide (pentlandite or millerite) composing
'Sipercent of the surrounding orebody (CSMB, 1915). An extremely high carbonate concentration (300-600 mg/1 Ca-
gCO;) buffers a solution that is-calculated to have an acid content of around pH'2-3 in the absence of the
onates. Hl%h iron levels measured in the waste stream confirm the; acidity (assuming pyrite oxidation) and were
tancously plating out as slightly ordered oxides (HFeO,, FeOs; Walker, pers. comm. from CDMG. [Sacramento, CA

I lysis;-Chapman et al., 1983). The secondary minerals also contained other metals in high quantities such as tin an
ckel; suggesting that if the water remained unaltered, soluble pollutants would become insoluble precipitates provided

‘cenough surface area was available for nucleation. Iron oxide formations were also observed at two mines located in the

rra-Nevada range (Pick and Shovel and Spanish, upper adit). Othermercury mines in the area (e.g., Twin Peaks, Reed)

Hibited- similar drainage characteristics but with smaller outflows -and lower constituent levels. Anderson Mine was

omalous in that the drainage was tested in a reducing state (Eh'= -85 mV), although arsenic was undetectable or present

1y low levels.

W

ver-'*'ﬁ;as not found in’ any perennial drainage sampled (detection limit = <1 ppb). Other work shows mine water can
ntain silver in the pptr range but that 99 percent of it is sorbed to particulates and unfiltrable even in low pH waters

Jones, 1986).
ste Rock Characteristics

Waste rock material excavated as a resuit of active mining operations is defined as either development waste or tailings

'S.EPA, 1986). Mine development waste can include sotls, overburden, or sub-grade ore removed to gain access to the
more valuable ore. Tailings include the altered remains of ore after it undergoes physical and/or chemical treatment to
extract the desired compound(s). One or both types were observed at almost every mine visited. In most cases, waste rock
was:removed from the site by dumping it into the nearest water course. It was apparent at these mines that high flows

rock originally generated remained on-site.
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The soil pH of waste rock material varied dramatically from site to site, ranging between 1.4 and 8.8 (Table IV-3), with
no apparent large-scale geographical trends other than providing a representation of the diverse make:f of ore material
in the Sacramento Valley. Soil pH is an instantaneous measure of acid at one point in time (Tucker et al., 1987). Further
changes in pH occur from degradative weathering processes that generate more acid, make mineral bound carbonates
available for buffering, or both. The test needed to cE:termine potential acidity shifts is called net acid generation potential
and is discussed below. Soil pH indicates the relative ease with which metals can migrate through, or off, a waste rock pile.
Available metals are more mobile when dissolved in an acidified solution, and so, soil pH can be an important factor in
determining the relative water quality threat of similarly sized waste rock piles. To determine site vanability, replicate
samples were collected from 10 mines and individually analyzed. With the exception of two mines, the intra-mine site
variability (coefficient of variation) of pH was low, ranging from 1 to 13 percent (Table TV-4). Although 2-3 replicates
hardly represent the total variability expected at a site, the method of collection attempted to obtain the most visually
disparate material based on color, composition, and proximity to processing equipment. The variability is due completely
to site conditions since laboratory replicates showedp perfect precision (Appendix A). Waste rock material exhibiting a
relatively homogenous acid content may indicate that acid is de-localized from source material and distributed throughout
the pile during periods of saturation. It can also simply mean that the waste rock composition itself is homogenous with
restpcct to pH influencing material. Sixteen of 52 samples tested at pH 4 or less which is considered the dividing line for
defiing a waste as "acid-toxic” (Sobek et al., 1978). From a recieving water standpoint, other factors such as slope, water
contact, metals content, etc., may be more important in causing impacts, and therefore, soil pH is one of many factors used
to assess what problems may result from any particular waste rock material.

Mercury levels were highest at western foothill mercury mines. It was difficult to determine the age of particular waste
material but the highest levels between the mercury mines tested (0.2-140 g/kg, dw; Table I'V-3) may be reflective of older
operations (mid-1800s) that were less efficient at extracting mercury from the cinnabar ore. Calcine, the leftover ore after
heat extraction, was collected at most of the mines as part of this study and had some of the highest levels of mercury.
Pipe furnace and retort equipment used to extract mercury were apparently very inefficient - at one site, free mercury was
found in the calcine tailings. There were no other strong geo%raplnc trends with any of the other metals which were highly
variable between mine sites (up to 4 orders of magnitude for copper). The intra-site variability of waste rock metals
content was also high, averaging around 50-70 percent and ranging up to 141 percent (Table IV-4). Inter- and intra-mine
site variability would make runoff loading predictions veg difficult. Regardless, the high metals content of most waste rock
material indicates that site runoff can pose a substantial water quality threat. -

The net acid generation potential (NAGP) of seven representative samples ranged from -48 to 11 tons of calcium carbonate
needed to neutralize 1000 tons of material (the amount of material in an approximate acre-foot [Sobek et al., 1978};Table
IV-5). Positive values indicate a tendency for acid to be formed beyond what inherent buffering compounds could
neutralize. The test measures the full potential of a material to produce or neutralize acid from the products of leachable
minerals. A digestion step releases alkaline compounds, mimicking the weathering conditions that exposed soils may
experience over time. A soil pH below 6 is generally thought to indicate an acid generating material (Sobek et al., 1978).
This held true for the samples tested in Table IV-5, however, soils with pH values above 6 are not good indicators of
positive or negative NAGP measurements. This was apparent at Engle/Superior and Grey Eagle mines with measured
pH values of 7.0 and 7.1 respectively correspond'm%tto NAGP values of 4.8 (acid generating) and -48 (strongly alkaline).
The low potential for Grey Eagle (-48) is expected from western foothill soils typically high 1n calcareous minerals. There
was a complete lack of correlation between NAGP and pH due to the present unavailability of influencing compounds
under normal saturating conditions. Further, the test may not be completely accurate in predicting pH shifts which also
likely contributes to the lack of correlation. Soils with a pH below 6 may be good indicators of positive NAGP, although,
positive potential was not limited to low pH soils. Material with a value of 5.0 or greater is defined as "potentially toxic
material” (Sobek et al., 1978), but as with pH values, NAGP is only one factor in the overall assessment of waste rock

material.
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WASTE ROCK CHARACTERISTICS OF SACRAMENTO VALLEY MINES.

MAP TOTAL CONCENTRATION (HG/KG DRY WEIGHT) 2/
1o, . e e ceo oo esmeee o eee e eemeee
# MINE . ) pH 1/ ARSENIC CADMIUM CHROMIUM COPPER LEAD MERCURY ZINC NICKEL SILVER
2 Big Buzzard 3.5 4.6 0.8 6.4 210 270 1.4 86 ND 4.7
9 Valley View 2.7 41 246 14 390 189 1.24 480 7.6 9
10 Dairy Farm- 1.9 91. 2 17.9 1,350 370 3.8 455  12.5 145
11 Spenceville 3.0 40 1.25 15.2 277 152 1.26 148 4.1 235
13 ldaho Maryland 7.4 :
14 Lava Cap 3/ 7.2 3,600 1.6 99 140 100 1.6 230 84 16
17 Malakoff Diggin’s 4.5 1.7 ND - 50 15 6 0.28 9.4 7 ND
18 Spanish 5.1 T 340 N - 7.6 56 330 4.4 130 29 7
20 Xenton. 7.3
L 24 Plumbago 7.9 o . B 1.8 ‘
ther River 33 Iron Dyke . . 3.4 5" 1.2 - 80 1,600 63 1.9 270 30 29
U 34 Watker (tailings) 4.8 9 ‘ND 2.3 790 70 0.15 [YA ND 5.9
34 Walker (mine) 4.1 20 ND 15° 2,000 43 1.6 9% 8 16
35 Reward #7 . " - 7.4 . o 4.8
36 Beardsley . 4.4 55 2.4 2.8 16,000 2,700 3.4 240 3.4 2.1
37 Lucky S . . 2.7 1200 4.2 21 640 4,300 3.2 890 24 39
38 Superior/Engle 7.0 105 KD 13 6,550 50 0.95 165 13 15.8
39 Mountain Meadows 8.0
40 Golden Eagle 7.8
41 Coggins 7.0 ) . . :
43 Forest Queen 6.5 7.5 ND 2500 21 9 0.47 37 1,600 ND
44 Bully Rill. - 3.6 690 24 14 3 005 1,620 19.3 2,975 5.2 7.5
45 Rising Star 2.8 625 29 3.8 1,350 105 16 3,500 N 4.7
. 52 .Gol insky 6.3
acramento R., upper 54 Gladstone 5. 800 ND 38 170 76 0.73 140 45 1.4
55 Afterthought 4.7 500 17 7.8 1,090 4,000 17.2 4,300 5.6 28
56 Thompson - 3.9 1 2 20 940 13 - 5 260 4.2 3.3
57 1ron Mt loadng area 1.4. 180 4.3 16 480 76 4 580 7.4 0.7
58 Greenhorn 3.8 140 ND 24 520 30 0.38 120 12 2.2
60 Yankee John 7.3 .
" 42 Silver Falls - 6.7
63 Midas : 8.0
e 64 Round Bottom: - T.6
ny Crk./Elder Crk 65 Grau. . . 8.8 : - T e '
S 66 Noble Electr!c 8.7 2.8 ND | 400 7.6 5.3 0.37 40 2,400 ND
67 Grey Eagle. 7.1 .
71 Empire (sulphur cr) 7.2.. . ' 17 .
72 Manzanita . 3.6 25 "ND 54 40 4.1 785 21 22 1
74 Wide Awake 7.9 ) 13
75 Abbott 7.9 : i - 910 )
ol 77 Reed 3.8 38 ND. 440 52 9.3 19 50 870 ND
ike Berryessa, Putah 79 Knoxville - 7.9 : ) 4/
FN 81 Red Elephant 7.3 240
83 Big Chief 2.5 16 15 . 23 22 19 840 ' 94 10 0.7
A 86 Great Western 7.6 i .
e Berryessa, Pope 87 Corona 2.6 4.7 ND 175 17 21.5 1,370 35.5 350 0.4
o 88 Twin Peaks 2.6 ND 7.3 240 53 13 21 28 500 ND
89 Dat Hill 5.8 - 590
90 -Aetna Extension 7.6 6.8
92 Aetna 4.5 7 ND 23 36 - 2 620 56 27 ND
93 Grenada 7.9 .
8.2 86

94 Toyon .

‘Paste method.

amples. prepared according to U.S.EPA, 1979.
‘Complete dissolution with HCl before analysis.
4X.
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Table 1v-4. VARIABILITY OF WASTE ROCK METALS CONCENTRATIONS AT SEVERAL MINES.

YOTAL CONCENTRATION (RG/KG, DRY WEIGATS

---------------------------------------------------- cwmesecsmsne

MINE pH ARSENIC CADMIUM CHROMIUM  COPPER LEAD MERCURY  NICKEL
Valley View N 10 736 23 ool 34U U.77 4.6
3.7 22 ND 10 150 68 0.74 5.2
1.9 85 2.4 8.6 360 160 2.2 13
AVERAGE 2.7 41 246 14 390 189 1.24 7.6
cov 28 76 141 47 54 60 S5 50
Dairy Farm 1.8 42 1.2 3.8 1300 440 3.8 9
2 140 2.8 32 1400 300 3.7 16
AVERAGE 1.90 91 2.00 17.9 1350 370 3.8 12.5°
cov 5 54 40 19 1 28
Spenceville 3.1 6 0.8 16 270 76 1.8 6.1
2.6 88 0.7 2.7 110 230 0.59 ND
3.2 26 2.2 27 450 150 1.4 6.2
AVERAGE 2.97 40 1.23 15 277 152 1.26 4.10
cov 9 87 56 65 50 41 40 7
"Afterthought (WA 500 16 7.3 1300 4900 25 4.8
5 500 18 8.2 880 3100 9.4 6.3
AVERAGE 4.70 500 17 7.75 1090 4000 17 5.55
cov 6 0 6 6 19 23 45 14
Qat Hill 7.7 880
3.8 300
AVERAGE 5.75 590
cov 34 49
Big Buzzard 3.8
3.1
AVERAGE 3.45
cav 10
Bully Hiltl 3.5 1200 22 12 960 2600 34 3.1
3.6 180 26 16 5050 640 4.5 7.3
AVERAGE - 3.55 690 24 14 3005 1620 19 5.2
cov 1 74 8 14 60 77 40
Corona 2.8 4.4 ND 200 14 16 940 480
2.3 4.9 ND 150 20 27 1800 220
AVERAGE 2.55 4.65 0.00 175 17 22 1370 350 !
cov 10 14 18 26 31 37
Manzanita 4 ND ND 68 45 ND 270 20
3.1 50 ND 40 35 8.2 1300 24
AVERAGE 3.55 25 0.00 54 40 4.10 785 22
- cov 13 100 26 13 100 66 9
Engle 7.9 10 ND 14 1100 ND 0.29 10
6.1 200 ND 11 12000 100 1.6 16
AVERAGE 7.00 105 0.00 13 6550 S0 0.95 13 i
cov 13 90 12 83 100 &9 23
Table 1V-5. NET ACID GENERATION POTENTIAL OF UASTE ROCK FROM SEVERAL MINES.
SOIL pH 0 NET ACID
MINE SITE (PASTE) POTENTIAL 1/ POTENTIAL 2/ POTi
Iron Mt. Mine, (oading area 1.4 ~3.8 6.0
Big Chief 2.5 -4 6.5
Corona 2.6 ~2.6 3.5
Valley View 2.7 ~1.6 5.5
Afterthought 4.7 ~4.9 6.5
Engle/Superior 7.0 4.2 9
Grey Eagle 7.1 49 1.5

1/ As tons CaC03 equivalent per 1000 tons of material.

2/ As tons CaCO3 eguivalent to neutralize the acid formed by 1000 tons of material.
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V. MASS LOADS

Loads were calculated for Sacramento Valley mines with perennial discharges using flow and concentration measurements
taken largely between 1987 and 1992. The loads are somewhat comparable between sites because of the continued drought
conditions during that period. For smaller discharging mines, loads were calculated with data collected primarily during
this survey. Estimates for West Shasta District mines were made using 1989-92 data. Further, with the exception of Iron
Mt. Mine, the loads represent a mass per time statistic during dry t:Ff:riods; Because of the strong correlation between
loading and precipitation, the numbers presented here are considered to be underestimates. Actual loads would be higher
with the inclusion of waste rock runoff/seepage contributions and an accounting for normal or extreme rainy seasons.

Detailed load calculation methods are presented in Appendix A. .

Iron Mountain Mine (IMM) was the single largest loader of mine drainage pollutants to the Sacramento Valley, Loads
from IMM were calculated using weekly Spring Creek Debris Dam (SCDD) metals and outflow data collected by U.S.

. Bureau of Reclamation and regional board (Redding office) staff and are considered to be accurate (Heiman, pers. comm.).

The SCDD collects and discharges water from the entire Spring Creek watershed including adit releases, waste rock erosion
and seepage, and background stream flow. Between 57 and 85 percent of the estimated copper, cadmium, and zinc loads
came from this source (Table V-1). Overall, 67 percent of the standard equivalent loads came from SCDD indicating that,
with respect to freshwater metal objectives, it is the largest inactive mine source of the most toxic metals detected. Stowell
Mine also drains to this watershed but contributes only about 1 percent to total SCDD loading (Heiman, pers. comm.).
A certain amount of the loads from SCDD are intercepted at a small Sacramento River reservoir (Keswick) and settle out,
never fully making it down the river under normal flow conditions.

Leaching processes within SCDD are likely facilitating the release of metals from waste rock alluvium. The low pH and
exposed nature of the reservoir should provide ideal habitat for acidophilic bacteria to break down sulfide and metal
containing minerals flushed into the reservoir during the rainy season. Other investigators have shown increased leaching
when similar conditions existed in underground workings. Further, SCDD water exhibits an elevated oxidizing potential
with Eh measurements averaging around 500 mV. Under these conditions waste rock material is continuously exposed
to breakdown forces that are greater than what is found in natural stream waters. The high conductivity of the water allows
greater electrical transference which enhances oxidation processes (similar to the way rusting activity increases in coastal
environments because of salty air). As waste rock degrades, metals held within the mineral matrix are released and
solubilized in water acidified from sulfide oxidation. Even though conditions in SCDD probably enhance the release of
metals, mass balance estimates show that about 15 percent of the incoming metal loads are retained in the reservoir. As
might be expected, most of the metals leaving the reservoir are dissolved in the water.

Mines in the Little Backbone Creek watershed contributed about 22 percent of the standard equivalent loads, second only
to IMM (Table V-1). Mammoth, Golinsky, and Sutro mines drain to this creek which flows into Shasta Reservoir.
Shoemaker Gulch drains the southern end of the Mammoth Mine complex and also flows to Shasta Reservoir. Load
calculations were made by averaging instream loads measured below the mine complex and the sum of all individually
measured discharges (see Appendix A). Although the two methods should intuitively produce similar loading values, this

‘was not the case because of unquantified banking processes going on in the watershed. During dry tEeriods, polluted mine

drainagesometimes never fully arrives downstream, leading to a certain amount of build-up in the watershed which is
subsequently flushed out under high flow conditions (Heiman, pers. comm.). Further, there may be subsurface flow in the
shallow weathered bedrock (Walker, pers. comm.) that would not be visible as it enters the lake. The movement of mine

. pollution with ground water has been documented at Penn Mine (Bond, pers. comm.). Regardless of the mechanisms, the

phenomenon is also observed in the West Squaw Creek watershed draining Balaklala, Keystone, Early Bird, and Shasta

' -King mines (Heiman, pers. comm.). West Squaw Creek also enters Shasta Lake and contributed about 7 percent of the

standard equivalent loads (Table V-1) with calculation methods identical to those used for Little Backbone Creek. With
respect to copper, cadmium, and zinc, the 3 aforementioned sources located in the West Shasta District discharged loads
that were significantly higher than other Valley mines (Figure V-1). The relative magnitude of other, smaller, acid mine
sources depends on the pollutant of concern. ’

With the exception of IMM, the loads in Table V-1 are underestimates because they did not account for discharge increases
expected during the wet season. Short duration adit surges result from rainfall or snow-melit moving into tunnel complexes
through porous/fractured overburdens; vertical air shafts, and caved stopes (CH2ZMHIll, 1984; Croyle, pers. comm.).

Evidence of adit surges can be seen in Table C-2 where Balaklala Mine outflows were measured at 589 1/s during January

1983 from an average dry period flow- of about 1-30 1/s. Rainfall runoff from waste rock also contributes to seasonal
loading’ surges but is difficult to accurately characterize. A pilot study was conducted at Spenceville Mine to measure
various parameters of rainfall runoff.- By extrapolating measurements taken during a sin%e storm event, surface runoff was
estimated .to account for approximately 5-18 percent of the total annual loads coming from this site (wet + dry season).
The study results and loading methods are ‘detailed in Appendix B. Most rainfall infiltrates into permeable waste rock

.. material and seeps out later near the streambed low-point. Seepage water can strip pollutants from waste rock to a greater

'degree- than surface runoff because of a'longer residence time. Therefore, measuring surface runoff would not account

for the total load increasesinduced. by rainfall. Regardless, the relative pollutants contribution caused by precipitation at
an individual site would depend -on ‘the magnitude of any existing perennial -discharge and, thus, would affect cleanup

. priorities. .For mines with no perennial.releases, wet season discharges would represent 100 percent of the total loads
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Table V-1. LOADING ESTIMATES FROM INACTIVE MINES WITH PERENNIAL DISCHARGES DURING A DROUGHT PERIOD, 1987-91.

TOTAL ANNUAL LOADS IN KILOGRAMS (PERCENT OF TOTAL IN PARENTHESES) (MA=NOT AVAILABLE; ND=NOT DETECTED) 9/
T T T T T LT ey pu ey STANDARD EQUIVALENT

MINE SI1TE DISCHARGE ARSENIC CADMIUM CHROMIUM COPPER NICKEL ZINC LEAD IRON LOADS 1/
ScDD 5/ 858 (50 ) 1,529 ( 85) 216 ( 76) 36,300 ( 57 ) 234 (¢ 18) 209,352 ( 80 ) 390 ( 69) NA - 378,162 (67 Y( 60 )
Little Backbone Crk. & :
Shoemaker Gulch mines 7/ 59 ¢ 3.4 ) 186 ( 10) 15 ¢ 5.21 ) 18,961 ¢ 30) 32 (2.51) 36,760 ¢ 14 ) B8l ( 14) NA 123,559 ( 22 )( 20)
West Squaw Crk. mines 6/ ND ( 0.00 ) 38 ¢ 2.1) ND ( 0.00 ) 6,928 ( 1) ND ( 0.00 ) 7,537 ¢ 2.9 ) ND ( 0.00 ) NA 39,674 ( 7 )¢ 6)
SRCSD (1985) 4/ ND 60 1,676 2,863 - 1,573 15,340 359 - ND 34,872 ( 6)
Penn Mine 3/ NA 57 3 4,455 28 16,860 NA 6375 33,545 ( 5)
Afterthought 2/ 0.7 ( 0.04 ) 12 ( 0.66 ) 0.06 ( 0.02) 488 ( 0.76 ) 0.88 ( 0.07 ) 3,008 ( 1.15 ) 2.5 ( 0.45 ) 2,873 4,640 ( 0.8 )( 0.7)
Rising Star 73 4.2) 12 ¢ 0.66 ) 0.25 ( 0.09) 260 ( 0.41 ) 0.60 ( 0.05) 2,603 ( 1.00 ) 3.8 (0.68 ) 5,311 3,800 (¢ 0.7 )( 0.6)
Valley View 0.26 ( 0.02 ) 19 ¢C 1.1) 0.59 (0.20) 428 ( 0.67 ) 2.3 (0.18) 850 ( 0.33 ) 0.14 ( 0.02 ) 2,290 3,469 ( 0.6 )( 0.5)
Kanaka Creek mines 474 ( 28 ) NA ( 0.00 ) 26 ( 8.3) NA ( 0.00 ) ND ( 0.00 ) NA ( 0.00 ) ND ( 0.00 ) ND 3,013 ¢ 0.5 )( 0.5)
Spanish (upper+lower) 1.7 ( 0.10 ) 0.66 (0.037 ) 0.06 ( 0.02 ) 61 ( 0.09 ) 10.4 ( 0.82) 191 ( 0.07 ) 83 (¢ 15) 334 2,461 ( 0.4 )( 0.4 )
8rush Creek 200 ¢ 12) ND ( 0.00) 3.6 1.24) 1.3 (0.002 ) 52 ( 4.12) ND ( 0.00 ) ND ( 0.00 ) NA 1,294 ( 0.2 )( 0.2)
Bully Hill ND ( 0.00 ) 7¢ 0.37) NA ( 0.00 ) 135 ¢ 0.21) 1.4 (0.11) 359 ¢ 0.14) 0.8 ¢ 0.15) 288 1,192 ¢ 0.2 )( 0.2)
Spenceville 0.67 ( 0.04 ) 0.09 (0.005 ) ND ( 0.00 ) 175 ( 0.27 ) ND ( 0.00) 144 (¢ 0.06 ) ND ( 0.00 ) 452 942 ( 0.2 )( 0.1)
Greenhorn 0.3 ¢ 0.01) 1 ¢ 0.05) 0.01 (0.003 ) 122 ( 0.19 ) 0.2 ( 0.01) 232 ( 0.09 ) 0.04 ¢ 0.01 ) 1,326 765 ¢ 0.1)C0.1)
Corona 0.02 (0.001 ) ND ( 0.00 ) 4.0 ( 1.38) ND ¢ 0.00 ) 875 ( 69 ) 18 € 0.01) ND ¢ 0.00 ) 73,384 326 ¢ 0.1)(0.1)
_' Plumbago 27 ( 1.6) ND ( 0.00 ) 0.23 ¢ 0.08 ) 0.21 ( 0.00 ) 1.6 ( 0.12) ND ¢ 0.00 ) ND ¢ 0.00 ) 6.7 174 ¢ 0.03 )(0.03 )
Malekoff Diggings 3.1 ¢ 0.18 ) ND ¢ 0.00 ) 26 ( 8.2) 14 ( 0.02 ) 30 ( 2.39) 28 ( 0.01 ) ND ( 0.00 ) 1,037 122 ¢ 0.02 )(0.02 )
Empire 13 (0.73) ND ¢ 0.00 ) ND ( 0.00 ) ND ( 0.00 ) ND ( 0.00 ) 2.9 (0.00) ND ( 0.00 ) 1,204 81 ( 0.01 )(0.01 )
tucky S [T (\_0;00 )y 0.31 ¢ 0.02) ND ( 0.00 ) 8.2 ( 0.01) ND ( 0.00 ) 34 ( 0.01) ND ( 0.00 ) 2,870 73 ¢ 0.01 )(0.01 )
Lava Cap 10 ¢ 0.61 ) 0.04 (0.002 ) ND ( 0.00 ) 0.37 (0.00%1 ) ND ( 0.00 ) 3.4 ( 0.00 ) ND ( 0.00 ) 30 72 ¢ 0.01 )(0.01 )
Cotumbo 0.77 ( 0.04 ) ND ( 0.00 ) 2.4 ¢ 0.83 ) ND ¢ 0.00) ND ( 0.00 ) ND ¢ 0.00 ) 0.93 ( 0.17 ) ND 28 (0.005 )(0.00 )
Watker ND ¢ 0.00 ) 0.002 ¢ 0.00 ) ND ( 0.00 ) 4 ( 0.01) ND ¢ 0.00 ) 0.18 ( 0.00 ) ND ( 0.00 ) NA 21 (0.004 )(0.00 )
iron Dyke(Taylors Cr) ND ( 0.00 ) 0.032 (0.002 ) ND ( 0.00 ) 1.3 ¢0.002 ) ND ( 0.00 ) 1.1 ( 0.00 ) ND ( 0.00 ) NA 9 (0.002 )(0.00 )
Twin Peaks ND ( 0.00 ) 0.001 (0.000 ) 0.04 (¢ 0.01) ND ( 0.00 ) 14 ( 1.09 ) 0.22 ¢ 0.00 ) ND ¢ 0.00 ) 115 5 (06.001 )(0.00 )
Pick & Shovel 0.11 (0.006 ) ND ( 0.00 ) ©0.05 ( 0.02) ND ( 0.00 ) 9.5 (0.75) 0.98 ( 0.00 ) ND ( 0.00 ) 2.1 5 (0.00%1 )(0.00 )
Reed 0.30 ( 0.02 ) ND ¢ 0.00 ) 0.23 ( 0.08 ) ND ( 0.00) 6.1 (0.48) 0.10 ( 0.00 ) ND ¢ 0.00 ) NA 4 (0.001 )(0.00 )
Anderson Springs 0.16 (¢ 0.01 ) N ¢ 0.00 ) 0.02 ( 0.01) 0.27 ¢ 0.00 ) 1.9 (0.15) 1.8 (0.00) ND ( 0.00) 73 4 (0.001 )(0.00 )
Champion ND ¢ 0.00 ) 0.05 ¢(0.003 ) ND ¢ 0.00 ) 0.07 ( 0.00 ) ND ( 0.00 ) 0.78 ( 0.00 ) ND ¢ 0.00 ) NA 3 (0.001 )(0.00 )
Great MWestern ND ( 0.00 ) ND ( 0.00 ) 0.04 ¢ 0.01) 0.01 ( 0.00 ) 0.36 ( 0.03 ) 0.16 (¢ 0.00 ) ND ¢ 0.00 ) 8.3 0.3 (0.000 )(0.00 )
Turkey Run : ND ¢ 0.00 ) ND ( 0.00 ) 0.02 ¢ 0.01) ND ¢ 0.00 ) ND ( 0.00 ) ND ( 0.00 ) ND ( 0.00 ) NA 0.00 (0.000 )(0.00 )
TOTAL LOADS 8/ 1,722 1,805 288 63,889 1,273 . 261,128 562 91,602 563,900

1/ The sum of [(average concentration(i)*average flow(i)}/Inland Surface Water Plan Objectives(i)] for each metal excluding iron. Hardness = 50 mg/l.

2/ Loads were calculated using data from 1984. .

3/ From Bond, 1990. Penn-Comanche Project, Summary of 1990 Monitoring data. CVRWQCB Memo from S. Bond to T. Pinkos. 6 December. (Annual average 1979-90).
4/ Sacramento Regional County Sanitation District wastewater treatement plant loads, 1985. '

5/ SCOD = Spring Creek Debris Dam release. The SCDD watershed drains Iron Mt. and Stowell Mines.

6/ The sum of the loads coming from Balaklala, Keystone, Early Bird, and Shasta King mines.

7/ The sum of the loads coming from Mammoth, Golinsky, and Sutro Mines. ’ o

© 8/ Excludes Penn Mine and SRCSD loads.

9/ Loading values do not exclude uncertain digits.
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coming from that site. At other mines, waste rock runoff is not as significant as adit releases - e.g., West Shasta Distrigt
mines (Heiman, pers. comm.). The load estimates presented in Table V-1 largely do not account for these and other rainy
season surges. It would be difficult to predict waste rock runoff loads because of the number of parameters involveq
including surface area, permeability, metals content, slope, rainfall characteristics, etc.

The present drought conditions also skew the load estimates in Table V-1 to the low end. Past estimates for SCDD shoyw
zinc loads have varied from 1.5 to 4 times the 209 thousand kg estimate gca 45-52 inches precipitation in 1989-90) in Table
V-1 for a normal rainfall year (ca 60 inches in 1984) and an extremely wet year (ca 115 inches in 1983), respectively
(Heiman, unpub. data). Extrapolating these load increases to other mines and metals to account for the effect of varying
annual precipitation may not be inappropriate. :

Loads from the Sacramento Regional County Sanitation District (SRCSD) wastewater/sewage treatment plant.were
included for comparison. It ranked fourth in standard equivalent loads (ca 6 %) due, in part, to high lead discharges and
made up about 3-6 percent of the combined copper, cadmium, and zinc loads. :

Almost all of the mining regions are drained by watersheds intercepted with one or more major reservoir which have the
potential to retain a certain fraction of the pollutants coming in from upstream. Pollutants attached to heavy particulate
matter in feeder streams can settle out and become part of the sediment. The mass balance of pollutants through .
reservoir is Little understood but is important because dam releases have 'a substantial influence on the quality of:

_ downstream waters. To better define transport component, the mass balance of copper into, and out of;, Shasta

Reservoir was estimated using data collected during the current drought period. The major inputs to the lake included
3 mine influenced streams (Shoemaker Gulch, West Squaw- and Little Backbone Creeks) and four of the largest stream
inputs without mine impacts (Big Backbone, Pit, McCloud, and Sacramento Rivers). The volumes and loads were used:

" to calculate the concentration of copper expected in the dam releases, simulating the reservoir as a large mixing bowl where:

multiple inputs of differing quality are mixed to produce a final concentration with no physico-chemical interactions. The’
loading inputs were made largely for 1989 and compared to.the copper concentration actually measured in release water

" between 1988 and 1991. The calculated copper concentration of Shasta Dam release water (5.74 ug/1): was higher than

the average annual concentration reported by other studies (2.4 to 4.2 ug/l; Figure V-2 - details of the graph are presented
in Table G-1). The 5.74 value was calculated with data collected largely during 1989 and is more comparable to the 4.2
ug/l copper average taken from fiscal: year 1988-89 dam release data (from Heiman, 1989). The 2.4 ug/l value was
averaged from fiscal year 1990-91 data. No statistical significance could be discerned because the calculated concentration
was estimated using only 2 available measurements, causing the confidence interval to-widen to useless proportions even
though the relative standard deviation was rather low. Conversely, the actual copper concentration of Shasta Reservoir
releases statistically declined by almost half over a 2 year period (Figure V-2). This decline may have resulted from
drought induced loading reductions which are strongly correlated to annual precipitation (Heiman, unpub. data). Further,
when feeder stream loads were changed to simulate no mine drainage input, the calculated copper concentration of 0.27
ug/l simply reflected upstream river quality (upper Sacramento [0.270 ug/1]; Pit [0.240 ug/1}; and McCloud Rivers [0.245
ug/l}; from Connor, unpub., Table H-1). Dam release water is not expected to exactly mimic upstream inputs if their
quality represents unaffected background water. Reservoir water can pick up elements present in natural sediments from

" dissolution and physical resuspention.. Other factors that can affect release quality include rainy season surges, draw point

elevation, phased time differences of inputs and outputs, concentration differences, etc. All of these combined preciude
the value of specifying a mass balance statistic based on this data. Regardless, Shasta Dam releases contain a level of

~ copper that is approxumately an order of ‘magnitude greater than what is present in the incoming streams unaffected by

c.l)

UG/L (95%

Cu,

mine drainage. This difference is:probably influenced; to some extent, by mine drainage from Little Backbone and West
Squaw creeks. It is expected that once the low pH streams reach the lake, a quick rise in pH to neutral would cause the
metals to deposit to the lake bed, leaving only a small fraction in solution. What may be occurring is a continuous
suspension of lighter floc and other particulates caused by wave action. Preliminary data on the lower Sacramento River.
shows an increasing metals gradient with depth; likely related to low density particulates and colloids travelling near the
river bottom. Although there is more suspension:energy in a river, there may be a related explanation that describes solids
transport in a lake system. Work presently being conducted at Camanche Reservoir will help to understand how hydroxides.
(initially formed at the stream-lake confluence) and other particulate-bound metals are suspended or re-suspended and-
carried through reservoir bodies (Bond, pers. comm.). - . ' .

10.
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CALC. W/MINES CALC. W/O MINES 1989 FY 88-89 FY 80-91 1991

Figure V-2, COPPER CONCENTRATIONS IN SHASTA DAM RELEASE WATER. "CALC. W/MINES"
CONCENTRATION CALCULATED FROM STREAM AND MINE INPUTS; "CALC. W/O MINES"
CONCENTRATON CALCULATED FROM JUST STREAM INPUTS (N=2). ACTUAL CONCENTRATIONS
MEASURED IN DAM RELEASE WATER WERE IDENTIFIED BY THE TIME PERIOD IN WHICH DATA WAS
COLLECTED (N = 7 TO 22 PER TIME PERIOD). SEE TABLE G-1 FOR MORE SPECIFIC INFORMATION.
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V1. RECEIVING WATERS

ent was made of the water quality impacts caused by inactive mines. Metals were analﬁzed in mine site
~waters and compared to Inland Surface Water Plan (ISWP) objectives adopted to protect both human health and
.r.aquatic biota (SWRCB, 1991). Heavy metal objectives taken from the ISWP are EPA’s hardness factored
eria for freshwater biota. The 5.0 ppb arsenic level for human consumption was more conservative. A calcium
nate:concentration of 50 mg/] was usev;ip when site-specific hardness levels were unavailable. Most stream samples
ected during dry weather conditions at a distance %clow the mine where drainage was sufficiently mixed. Multiple
:smpleiconcentrations were averaged and presented in Table VI-1. To indicate which comtionnds exceeded the objectives
dithe clative magnitude, the concentration/objective ratio is shown in parentheses to the right of the average.

of 31 recéiving streams monitored were impacted by one or more metals exceeding ISWP objectives. In
the copper objective was most frequently exceeded followed by zinc and cadmium. Ten streams showed
ces for lead, nickel, and arsenic and none were measured for chromium or silver. Extremely high levels (100-1,500

ectives) were measured in streams with low dilution and minimal buffering capacity.

e-0bj

ge enough to overwhelm the buffering capacity of a stream, metals and other pollutants remain in solution.
eds in the Shasta Mining District, these conditions result in impacts that extend the length of the stream from
ite (e.g, West Squaw .and Little Backbone Creeks). Impact length at mine sites with atypical drainage
istics, (low- or non-acidic) is not as strongly controlled by pH. Other factors such as metal-specific behavior and
nce or absence of complexing agents appeared to determine how far a pollutant traveled downstream. For
rickel in drainage from Corona mine decreased in James Creek from 5 ppm, directly below the mine, to 3 ppm
y 1.5 miles downstream. The decrease was largely due to dilution from two other stream inputs as the
sof iron hydroxides coating the streambed. indicated that no significant co-precipitation or adsorption was
Further, natural streams with unnaturally high metals levels loose the ability for sorption when all the available
s.are filled (Chapman et al., 1983). Arsenic from mines in the Yuba River watershed (Allegheny-Downieville
so freely transported in receiving streams. The highest stream concentrations were recorded in Woodruff Creek
ug/1) as a result of Brush Creek Mine drainage. Based on average flows for June, the mine was estimated to
about 0.3 ppb to the N.F. Yuba River concentration (Table VI-2).. The. increasing arsenic concentration from
e.(13 ug/l) to Highway 49 (1.6 ug/l) appears to have been-largely caused by Brush Creek Mine. Precision
(Appendix A) accounted for only a maximum possible increase of 0.2 ug/! due to indeterminant error. Arsenic
ported in streams not affected by acid mine drainage because it is.g;esent largely in the dissolved phase (50-90
“7ohnson and Thornton, 1987). Arsenic is endemic to this region as exhibited by it’s presence in all feeder streams
i (Table:'VI-2 and Table E-1) and by the mineralogical surveys conducted in the area showing the extensive
" arsenopyrite (Carlson and Clark; 1956). Although the watershed makes a substantial contribution to overall
enic loading, concentrations in the Yuba River were below the drinking water objective (5.0 ug/D." -~

amento River periodically experiences objective exceedances (for copper, cadmium, and zinc) both below IMM
ck. Reservoir and 250 miles downstream at Freeport. Objective exceedances at Freeport may be more frequent
pinally thought when accounting for depth related concentration increases. There are a multitude of other inputs
River along it’s length including agriculture and:urban runoff, but mine drainage has been previously shown to
ute the bulk of the copper, cadmium, and zinc loads (CVRWQCB, 1988). The Sacramento River has incurred the
impact from an incremental increase in metals discharged from the sum of all inactive mines around the Valley.

limpacts from mines with smaller discharges usually diminished quickly with distance from the site. A variety of
lating¢and precipitation processes are probably responsible for declines that cannot be explained by dilution alone. For
tance, ‘at the Pick and-Shovel Mine, low level nickel discharges (59 ppb) decreased to non-detectable about one mile
: mine. Similarly, copper levels decreased from 80 pﬁb-to below detection (<1 ppb) over a 2 mile stretch of Devils
reek (from upper Spanish Mine adit), whereas the flow only increased by 4 times (Table C-1). Therefore, stream
length' can depend on a variety of factors including the specific bebavior of the metal or metalloid, dilution capacity
tream, mine loads, and the presence (or absence) of compléxing agents.
ng water concentration surges are expected during wet periods from instream resuspension and increased mine site
ges. Metals deposited in the streambed during low-flow periods are scoured and. transported downstream during
yws, freeing up new binding and deposition sites. Further, rainfall and snow-melt are known to flush out tunnel
tates, resulting in immediate adit surges (CH2M Hill, 1986; Croyle, pers. com.). One lesser understood wet weather
ibution is rainfall runoff from waste rock piles. To assess the severity of this discharge, Dry Creek was monitored
d below Spenceville Mine during a 3 inch rainfall event. The potential for impact was great because the waste
I lgnghl enriched with several metals. Dry Creek copper levels below the mine ranged between 23 and
b-and exceeded tﬁe i-hour, hardness factored, copper objective (15 ppb) by up to 8 times for a 10-hour period (see
\ppendix B). The copper concentration in Dry Creek upstream the mine remained just above the detection limit (d.1.= <1
throughout the storm. Although the stream reached an extremely high flood stage condition during the storm, it was
fough to completely dilute copper discharges coming from the mine site which averaged around 3 1ppm. Mine runoff
esulted in a 4 fold mcrease in &e total suspended solids content over upstream levels (6.5-25 mg/l upstream and 25-
/1 below the mine; see Appendix B). Typically, an increase in suspended solids would indicate a-greater capacity
he water to complex free metal ions. However, most waste rock particulate matter is already saturated with metals
:immediately stripped of the easily leachable fraction upon entering the stream' (Brugam et al., 1988). Pollutants
discharged under flood stage conditions are transported far downstream into tributary waters carried by high energy, fast
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Table VI-1. AVERAGE METALS CONCENTRATIONS IN RECEIVING WATERS ABOVE AND BELOW SACRAMENTO VALLEY MINES (FROM APPENDIX C).
oCO3 AVERAGE CONCENTRATION, UG/L (CONCENTRATION/CRITERIA) 6/
MINE WATERBODY LOCATION (MG/L) ARSENIC CADMIUM CHROMIUM COPPER LEAD NICKEL ZINC
Afterthought Little Cow CrK above. ND ND ND T2 (1.4 ) N -57 ND T~
below 71 ND 0.4 ND 25 (2.8 ) N ND. 177
Anderson Springs Creek near West adit above ND é 8
below 160 1 ’ ND 3 5
Anderson Springs Crk above
below ND ND 1.5 0.5 ND ND KO
Balaklala, Keystone, West Squaw Crk above NA 4 (6.1) NA 32 (4.9 ) NA NA 55
Early Bird, and below ND 11 (17 ) N 1653 (254 ) 4 (3.1) ND 1947 ¢
Shasta King
Beardsley 4/ Hosselkus Crk above :
. below ND ND ND 2 ND ND ND
Brush Creek Woodruff Crk above 1/
: betow 100 22 (4.4 ) ND 2 2 ND 11 ND
Bully Hill Town Crk above ND ND- ND ND N
below NA 140 (212) NA 3481 (536 ) 83 (64 ) NA 11533 (i
Corona James Crk above 0.5 125
below 450 ND 9 1 5400 (9.6) 145
. 1.5 mi. below &4/ 540 ND ND 1 1 ND 3000 ¢2.8) 23
Empire (Nev. Co.) Wolf Crk above ND ND ND 2 ND ND 2
below ND ND 1 2 ND ND. 5
Engle/Superior &/ Lights Crk above ND ND ND 4 ND ND ND
below ND ND ND 3 KD ND ND
, : 3 mi. below 3 ND ND 12 (1.8 ) ND ND ND
Gladstone &/ Cline Crk above - -
) : below 23 (4.6 ) ND ND ND ND ND - ND
Great Western St. Marys Crk above 3/
below ND ND 3.5 ND: & 60 ¢
Greenhorn Willow Crk: above- ND ND ND 7 ND ND ND
. below 99 ND 6 (5.3) 1 619 ( 53 ) ND 5° 859 (t
Iron Dyke &/ Taylors Crk: above ND ND ND ND ND ND . ND
: below ND 0.5 ND 21 (3.2 ) ND ND 18
Iron Mt. 7/ Sacramento R., above .19 3.0 ’ - 9.6
Keswick Res. below 53 Q.8 7.7 (1.4 ) ' 38.81¢ |
Kanaka Creek mines Kanaka Ck @ M.F.Yuba Rbelow 8/ 62 20 ( 4 ) NA 1 NA ND . ND NA
Lucky=-S 4/ Peters Crk above 3/ » ’
’ below. . 28 ND 2.1(5) ND 67 ¢ 14 ) WD ND 299 {
Mammoth Little Backbone Crk  below NA 6.2 (8.9) NA 597 ¢ 85 ) NA NA 963 (
Malakoff Diggn’s Humbug Crk- above 61 ND ND ND -1 . ND 10 " ND
below 51 ' ND : 15 8
Midas 4/ Harrison Gulch: above ND ND ND ND ND ND ND: ND
below 4 ND ND ND. . ND ND- ND ND
Nobte Electric 4/ N.F. Elder Crk above . ND ND 2 ND ND ND 5
. below ND ND 2 ND ND ND. 5
Pick & Shovel Pats Gulch above ND ND 1 ND- ND ND ND
’ below 78 ND ND 0.5 ND ND 59 9
. ) . 1 mi. below &4/ ND ND ND ND ND ND:: ND
Plumas Eureka 4/ Jamison Crk sbove 2/
: below. ND ND ND ND ND ND ND
Plumbago Buckeye Ravine above 0.9 ND 10 ‘ND ND 4.4 - ND
: below 130 170 (3.4 ) NA 9 NA ND ND ND
Reed Davis Crk above . ND ND 1 1 ND 2" 10
below 820 15 (3.0 ) ND 16 1 ND 446 9
Reward #7 Ward Crk above . ND
- : below 47 ND 5/ ND ND ND ND ND ND
Rising Star Horse Crk above NA 10 (15 ) NA 110 ¢ 17 ) NA NA 60
: below 4 203 (444) 3 9933 (1528) 38 (29 » 18 40000
Spanish Poorman Crk above ND 6.1 ND ND ND ND: ;5
o below 22 N 0.0 ND 1 ND - ND 15
Devils Canyon Crk above ND ND KD ND
1 mi. below ND 0.7 ¢1.1). ND 20 ¢3.1) ' '
. 2 mi. below ND ND 2 6.7 (1.0 ) ND 6 2
Spenceville Little Dry Crk above 71 2.3 ND. ND 16 (1.3 ) WD ND 5.8
) below - 102 4.2 0.5 ND. 368 (31 ) ND ND 299
pry Crk above 79 ND ND ND 2.4 ND KD. v 1
. - below 84 ND 6.1 ND 63 (5.0 ) ND ND 43
Twin Peaks Bateman Crk above ND ND ND ND ND ND - 2
below 78 NA ND 1 1 ND 115 2.3
Valley View irrigation water above: ND ND b.b 4.4 ND ND ND
below ND 129 (195) 1. 8 3010 (463 ) ND 30 8650
Walker: Dollie Crk above ND ND 3.5 ND ND 12
below ND ND ND 59 (9.1 ) ND ND 5

1/ A significant portion of the upstream flow 15 composed of an upper adit discharge.
2/ No upstream site was discernable.

5/
6/

7/
8/

One

was avaitlable.

4-day, hardness corrected EPA freshwater quality criteria.
The human consumption arsenic level = 5.0 ug/L.

From Heiman, 1988, 1990 and site specific objectives for the upper Sacramento River.
Kanaka Creek below all mines in the watershed.

3/ The upstream portion was ephemeral. 4/ Based on one sample.

igh detectable value was considered to be an ana(yt!cal error.

A hardness of 50 mg/l was used when no stream-specific hard
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ows. Further, infiltrated water emanating from a waste rock pile moves at a slower velocity than surface runoff
'bably-extends the duration of impact beyond the period of rainfall. Runoff from waste rock increased the
am: concentration of total metals and likely increased. the streambed metals content. Other mine influenced
waters are expected to experience similar impacts and, therefore, Table VI-1 is an underestimate of the actual
oncentration the streams experience year-round as a result of mine drainage. - :

ncentrations are also influenced by direct contact with waste rock piles regardless of the season. For instance,
Dyke:Mine, Taylors Creek disappears under a waste rock pile that was deposited directly in the streambed. The
rges from the other side with levels of cadmium (0.5 ug/l), copper (21 ug/l), and zinc (18 ug/l) above what
ured upstream (<0.1, <1, and <10 ug/], respectively). Therefore, waste rock piles have the potential to enrich
with:an easily and freely leachable fraction not dependent on pH declines. Simple diffusion processes bring the
olution upon contact with water. Mining operations commonly removed unwanted waste rock from the site
yg:it:into. stream watercourses and allowing high winter flows to wash it away. At many mine sites waste rock
oses a portion of the stream bank. '

istreams influenced by mine drainage eventually pass through one or more major reservoirs. Reservoirs have
tial to alter the input-output balance between metals coming in from natural/man-caused sources and those -
dam releases. At Camp Far West, a reservoir in the Sierra-Nevada foothill range, upstream inputs from Bear
Rock Creek were monitored along with dam release water. Arsenic levels were very slightly elevated in the
: (1.6 versus 13 and 1.1 ppb) but chromium (3.8 versus 2.8 and 53 ppbt) and copper (2.9 versus 2.8 and 1.4
)iremained essentially unchanged based on laboratory variability measurements for that batch submission. Sampling
; une when the streams exhibited low flow conditions with no observable turbidity. It would appear that these
uts:were simply passing through the reservoir system with very little concentration change. However, when
¢ highly turbid, metals associated with heavy particulate matter are expected to settle out to the lakebed. After
disturbed metals can become even more tightly bound to carbonate, sulfide, and organic carbon material and
asily leached from the sediment (Brugam et al., 1988; DiToro et al., 1989). By the time incoming particulate
been transported to the lake bottom, most of the leachable metals have been released to the water column
et al., 1988). Reservoir characteristics such as temperature and flow differentials, draw point elevation, distance
am-release, stratification, etc., are also expected to influence release quality. For instance, during a storm event,
unoff from Penn Mine travelled the length of Camanche Reservoir along the inundated Mokelumne riverbed
ald. et al., 1978). The colder, heavier, runoff water eventually reached the dam’s base where out-flows resulted
id fish kills at the hatchery below. Based on this assessment, and the one presented in Section V, it appears that
tion of metals transported through a reservoir depends on a variety of factors including dam characteristics and the

tream 1nputs.

 also cause receiving water impacts from increased siltation. Waste rock sediments flushed into adjacent streams
uce. a transitory benthic environment prone to movement and scouring. This can shift the macro-invertebrate
ition to more sediment tolerant species such as the mayfly and caddisfly (Duba and Penrose, 1980). Further,
from inactive mines can prevent fishes such as sculpin, darters, and trout from inhabiting a stream because of
of clean gravel (Reash et al., 1988). Although acid and metals may be diluted to levels tolerated by resident biota,
‘term impacts from increased siltation are more subtle and can result in a faunal shift to more sediment tolerant

Table VI-2. ARSENIC LEVELS IN THE NORTH FORK FEATHER RIVER, 9 JUNE 1989 (FROM TABLE E-1). .
TEEDER STREAN TRIBUTARY — ARSENTZ (UG/D) N. F. YUBA RIVER TOCATION  ARSENIC (UG/L)

Bassg;x‘ 1a1

Howard Creek ‘ 1
Salmon Creek
Sierra Buttes stream ‘

c Downievitle _ 1.3

1
1
Downie River 2
Goodyears Creek 1
Woodruff Creek

Fiddle Creek 1

Huy 49 ' - 1.6
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APPENDIX A
METHODS

two criteria: 1) mines that were known water quality threats, and 2) mines that were
e inactive mines in Buer et al., 1979, were included as known water quahty threats. Mines
urnals were considered major producers. Reports reviewed for major producers inciuded
nd 1970b. Lode gold mines that produced over 1 million dollars were included (from CDMG,
A dically added if there was a known dxscharge or were near other visited mines (eg., Turkey

I’

¢ on ice and analyzed within 2 weeks. The July, 1989 samples were analyzed by Cal-Enseco,
. rest were analyzed by Anlab Laboratory, Sacramento, CA. Approved laboratory methods
for the analysis of total arsenic, cadmium, chromium, copper, nickel, lead, silver and zinc.
d for the analyses the Perkm-Elmcr 460, 5000, or 5100 - was coupled with graphite furnace

mtnc acid, and rinsed with triple de-ionized water prior to use.

sealaulated as the quotient of the analysis levels to the quantity supplemented. Analyucal precision
?ﬁ teplicate sample results using the "modified Shewart" method (U.S.EPA, 1983a).. Replicate

ns at differing concentration levels.

ns from the waste rock piles based on texture and color, roughly simulating a representative.
type according to it’s surficial abundance. Samples were stored at room temperature for up to
dgrito:preparation and analysis. Sediment was dried at room temperature, crushed, and passed through
-1* 1 screen prior to analysis (protocol in Sobek et al., 1978). Approved laboratory methods (EPA,
th otal analysxs of arsenic, cadmium, ch:ommm, copper, lead, mercury, nickel, silver, and zinc. Soil

unt fcarbonate needed to obtain a pH of 8. Samples were split for precision measurements.

d July, 1989, are considered erroneous because of faulty equipment. Redox measurements were
temperature and therefore, the natural stream Eh values ranged between approximately 100 and
normal jonic influence in waste streams was indicated by redox extremes outside this range (e.g.,

. There was extensive overlap in the mines included between the. two criteria, ie., very few

D) were separated into four ranges (<20, 20-<50, 50- <100, and above 100 ug/1) before calculation

vl’lng capacity determined after extraction with hot acid. Net acid generatmg capacity values were




4

negative or high [400-500] values). Therefore, Eh measurements should be used as a gross indicator of the water redy,
potential, :

Accuracy: With the exception of the low level zinc analyses and a few isolated submissions; spiked recoveries were genera,
good (Table A-1). Zinc recovery of spiked de-ionized (D.1.) water was consistently variable at the low level concentratg,
(10-20 ug/l) but was good to exceptional at the high spike levels (24-200 ug/l). With the exception of two bat
submissions, the low level zinc recoveries were statistically different from a normalized population of 100 +- 30 (95% Cl
percent. Both the high and low zinc recovery values were similar to the performance of other nationwide laboratories usiy,
the same methods (Table A-2). The general over-recoveries of zinc at the low spike levels would indicate contaminatio
although, on a selective basis as indicated by the high variability. The spiking method of spiking used would have resuite
in consistent errors among the other metals, indicating interferents. Regardless, most of the low level zinc values in th
report should be assigned a high variability (e.g., +- 2X or 3X).

Other anomalies include the 13 June 1989 submission. It is unknown why this submission had such poor results, howeve;
it should be noted that 1) the blank resuits showed some slight chromium contamination, and 2) the laboratory performe
analyses only on one batch (see footnote 1, Table A-1). The 28 December 1989 submission shows no recovery of nickg
at 10 ug/1 and poor recovery at 20 ug/l. Since past analysis of this compound by the same laboratory was consistenty
exceptional, it is assumed to be a sample mixup error. Although both the high and low concentration recoveries of g
compounds for the 30 April 1990 submission were consistently above 100 percent, the fault likely lies in the Splkmg
procedure which was a "new technique” being tested. :

Precision: The prccision of laboratory replicate samples, reported as coefficient of variation (COV) in percent, was fai
to good (Table A-3). Most of the highly variable replicates were reported in the "A+B< =20" range and reflect the
statlstxcally induced variation of concentrations approaching zero. Other reputable laboratories double the acceptable
precision threshold to account for this phenomenon at concentrations below 10 ug/l (Kingsley, 1984). Although the COV;s
outside of 30 percent were above expected EPA methodology COVs (or Relative Standard Deviation [RSD]) (Table A-2)
EPA commissioned only one laboratory to participate in the analysis. Alternately, the ASTM methodology performance
results reflect averages from several laboratories (as many as 80), although, the extraction techniques are slightly different.

“For Cd, Cr, Ni, Cu, and Pb the ASTM methods contain 2 fewer boildown/reflux steps than the correspondirg; EPA
methods: The difference in recoveries. would unlikely be substantial since most of the acid-labile metals in the préserved
samples would already be in the dissolved state prior to the extraction step. Based on this assumption, the ASTM precision
values would more realistically reflect actual method prccxsxon attainability and are also closer to the vanabllmes reported
here.

2. Sediment
Precision: Laboratory rephcate results for the sediment samples were excellent (Table A-4). Values (COVs) ranged from

0.0 to 20.2 percent, although, a majority were below 10 percent. The paste method pH analyses were perfectly prgcxsc
D. MASS LOADING CALCULATIONS |

Mass loads for Iron Mt. Mine were calculated using the monthly average of weekly metals data and daily flow measurements
of Spring Creck Debris Dam release water (Table A-5). Data from water year 1989 and 1990 were used for the calculations.
Concentration data was collected by U.S.BR and regional board staff (Redding office). Flow data was obtained from the
regional board, Redding office, which is essentially U.S.BR data corrected for low flow inaccuracies.

Loads for mines in the Little Backbone and West Squaw creek watersheds were calculated using both downstream creek flows
and the sum of all individual sources in the watersheds (Table A-6). Both sites were used to account for banking processes
going on in the watersheds. Data was obtained largely from surveys conducted by Dennis Heiman of the Redding office
during dry periods between 1989 and 1992.

For most other mines, loads were calculated as the product of average flow and concentration data collected between 1981
and 1991. For a few Shasta District mines (e.g., Afterthought, Sutro mines) any available data from the 1980s was used. For
mines with limited data on lead, nickel, iron, arsenic, chromium, any existing concentration values were used regardless of
the year in which they were collected.
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-1. ANALYTIC RECOVERY PERCENTAGES OF SPIKED SAMPLES SUBMITTED
BLINDLY TO THE LABORATORY. 1/ : «

AVERAGE RECOVERY, %

\ METALLIC SPIKE, NUMBER, (+- 95% C.I.) IAB & TRAVEL
toN ION UG/L N ————— e e BLANK RANGE,
2/ (LO/HI) (LO/HI) ©LOW (LO) HIGH (HI) UG/L (N)
789 Arsenic 10 /- 4 /- 104 +- 7 - +- <1-1.0 (2)
Cadmium 10 /- 4 /- 99 +- 1 - += <0.20 (2)
*% Chromium 10 /- 4 /- 148 +- 19 - +-. 3.8-4.1 (2)
* Copper 10 /- 4 /- 133 +- 23 - <1.0 (2)
* Lead 10 /- 4 /- 133 +- 22 - +- <5.0 (2)
* Mercury 10 /-~ 4 /- 61 +- 11 - +- <0.20 (2)
Nickel 10 /- 4 /= 97 +- 3 - 4= <4.0 (2)
** Zinc 10 /- 4 /- 293 +-104 - 4= <10 (2)
789 Arsenic 10 /100 3 / 2 93 +- 8 97 4= 7 <2 (2)
Cadmium 10 /100 3 / 2 96 +—- 6 89 +- 13 <0.1 (2)
Chromium 10 /100 3 / 2 97 +- 8 94 +- 11 <1l (2)
Copper . 10 /100 3 /2 107 +- 8 110 += O <1l (2)
Lead 10 /100 3 / 2 103 +- 8 98 +- 4 <5 (2)
Mercury 10 /100 3 / 2 91 +- 1 99 +- 49 <0.2 (2)
Nickel 10 /100 3 / 2 90 +- 0 98 +- 9 <4 (2)
. %% Zinc 10 /100 3 / 2 180 +- 48 105 +- 22 <5 (2)
90 Arsenic 10 /100 3 / 3 93 +- 16 95 +- 6 <2 (3)
Cadmium - 10 /100 3 / 3 100 +- ‘0 87 +- 2 <0.1 (3)
Chromium io0 /100 3 / 3 103 +- 8 99 +-= 2 <1 (3)
Copper 10 /100 3 / 3 103 +- 8 107 +- 8 <1 (3)
Lead i0 /100 3 / 3 103 +- 8 98 +=- O <5 (3)
Mercury 10 /100 3 / 3 88 +- 8 98 +- 3 <0.5 (3)
Nickel 10 /100 3 / 3 97 +- 8 97 +- 8 <4 (3)
** Zinc 10 /100 3 / 3 173 +- 42 100 +- 12 <5 (3)
'89 Arsenic 10 /100 1/ 1 90 +- = 97 += = -
Cadmium 10 100 1 / 1 110 +- -~ 91 +- - -
Chromium 10 /100 1 / 1 100 +- - 96 +- - -
Copper 10 100 1 ,/ 1 100 +- - 110 +- - -
Lead 10 /100 1 /1 110 +- = 110 +- - -
Mercury 10 /100 1 / 1 100 = =~ 99 4= - -
Nickel 10 /100 1 / 1 110 +- - 94 4= - -
*%* Zinc 10 /100 1 / 1 140 +- = 95 +- - -
g9 Arsenic 10 / 50 2 / 4 100 +- O 99 +- 3 <2 (2)
Cadmium 10 / 50 2 / 4 100 +- 2 96 +- 3 <0.1 (2)
Chromium 10 / 50 2 / 4 90 +- 0 96 +- 6 <1l (2)
Copper 10 / 50 2 / 2 105 +- 22 102 +- O <1 (2)
Lead 10 / 50 2 / 2 105 +- 22 108 +- O <5 (2)
Mercury 10 / 50 2 / 2 88 +- 2 92 +- 4 <0.2 (2)
Nickel 10 / 50 2 / 4 100 +- 0 100 +- 7 <4 (2)
Zinc 10 / 50 2 / 4 125 +- 22 106 +=- 3 <5 (2)
Iron -/ 50 -/ 2 - +- 104 +- 45 <30 (2)
- Silver -/ 50 -/ 2 - +- 106 +- O <1 (2)
'89 Arsenic 10 /200 2 / 2 120 +- 0 80 += O <2-3 (3)
Cadmium 10 /200" 2 / 2 94 +- 18 95 +- 0 <0.1 (3)
Chromium 10 /200 2 / 2 110 +- 45 105 +- O <1-1 (3)
Copper 10 s200 2 / 2 80 +- 0 105 += O <1 (3)
Lead 10 /200 2 / 2 110 +- 45 95 +- O <5 (3)
Mercury 10 /200 2 / 2 96 += 9 118 +- 11 <0.2-0.4 (3)

w
(o))




’ Table A-~1. ANALYTIC RECOVERY PERCENTAGES OF SPTIKED SAMPLES SUBMITTED
BLINDLY TO THE LABORATORY. 1/

AVERAGE RECOVERY, 3 o
» METALLIC SPIKE, NUMBER, (+- 95% C.I.) LAB & TRAVE]
SUBMISSION ION UG/L N  seemmmrcccecrrreene e BLANK RANGE,
DATE 2/ : (LO/HI) (LO/HI) LOW (LO) HIGH (HI} UG/L (N)
** Nickel 10 /200 2 / 2 0 += 0 95 +- 22 <& (3
*% Zinc 10 ./200 2 / 2 240 +- 0 110 +- O <5 (3)
Arsenic 20 /~- 2 /- 90 +~ O - +- - -
Cadmium . 20 /- 2 /- 90 +=- 0 - = - -
Chromium 20 /- 2 /= 115 +=~ 22 - 4= = -
Copper 20 /- 2 /- 103 +- 11 - 4= - -
Lead 20 /- 2 /- 100 +- O - - - -
Mercury 20 /- 2 /= 108 +- 11 - += - -
** Nickel 20 /- 2 /- 50 +- O - = - -
Zinc 20 /- 2 /- 115 +- 89 - - - -
Jan 18, ‘90 Arsenic
Cadmium 10 /100 2 / 2 82 +- 2 85 +- 4 <0.1 (2)
Chromium .
Copper 10 /100 2 / 2 90 +- 0 110 +- O <1l (2)
Lead .
Mercury 10 /100 2 / 2 88 +- O 97 +- 7 <0.2 (2)
Nickel
* Zinc 10 /160 2 / 2 130 +- 45 100 +- O <5-8 (2!
Apr 30, ‘90 Arsenic l8 » 45 2 , 2 112 +- 25 108 +- 4 <2 (3
Cadmium 18 45 2 / 2 117 - 0 118 +- 20 <0.1 (3
Chromium 18 y 45 2 / 2 125 +-= 13 115 +- 7 <1l (3
Copper 18 / 45 2 / 2 128 +- 0 127 +- 20 <1-2 (3
Lead 18 / 45 2 / 2 106 +- 25 114 +- 11 <5 (3
Mercury 18 / 45 2 / 2 117 +- 25 - - - <0.2 (3
* Nickel 18 / 45 2 / 2 139 +- 25 112 +- 4 <4 (3
Zinc 18 / 45 2 / 2 122 +- 0O 120 +- 9 <5-9 (3

1/ Analyseg by Anlab Laboratory, Sacramento, CA except for June 13, ’8¢
submission which was performed by Cal Enseco, Inc., West Sacramento,
CA. ' ' .

2/ Statistically different from 100 +- 30 (p-=0.95):

* Average recovery between 100 +- 30-<40%.
** Average recovery outside 100 +- 40%.
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METALS === ===emmmm o memmmmmm oo St L T
METHODS O.C.R. 2/ R.S.D. 3/ | RECOVERIES | METHODS O.C.R. 2/ R.S.D. 3/ |  RECOVERIES
ug/U 50 ug/U 10U ug/U 20 wug/T 50 ug/T 10D 74\ 6.0 U 2 ] .
Arsenic  206.2 5 - 100 ug/t-----c-sooomeooooeonmamese s o bt b 9 {b2972-84c 5-100 ugs 1oL 22 UL T2 UGTU 8.0 GeTT 22 ug/t 1T GaTT
% 2.2 % 1.6 % 105 % 106 ¥ 101 % 15 % 14 % 8.6 % 87 % 105 % 99 %
5 ug/t 5.0 ug/l 10.0 ug/l2.5 wugsl 5.0 ug/l 10.0 ug/ 1.3 ug/sL 2.5 Og/l 6.0 ug/l 1.3 ug/l 2.5 ug/l 6.0 ug/\
213.2 0.5-10 UG/l == msoe e oo D3557-84D 0.5-10 ug/l--====-===nc===mmemicmmocmmaloaooe il il Tl
. % 3.2 % 3.3 % 96 % 99 %X 98% X 61 % 46 % 18 % 87 % 112 %
Cadmium -~------cmmsm s e e eeeeecmmceeee—e oo SRR Sl bbbl i bbb b b b L Ll Ry
not 2.5 ug/t 14 ug/l 50 ug/t 2.5 ug/st 14 ug/l 50 ug/l no 0.044X + 6.08 (overall) 50 ug/t 500 ug/l 1000 ug/\
200.7 reported — ----vco--es-omseecoesmesedcoocooaocieooooooamemeons D4190-82 reported  ---~----sesemmmee oo eeeacooeae--eooo
6% 16 % 12 % 116 % 93 % 96% 0.025X + 4.96 (single) ~100 % 97 % 97 %
19 ug/t 48 ug/t 77 ug/l 19 ug/l 48 ug/l 77 ug/l 8.0 ug/l 10 ug/l 28 ug/l 8.0 ug/l 10 ug/l 28 ug/l
Chromium 218.2 5 - 100 ug/l---~~-~~=~----omcommcccc o cm e cacnaeea e D16B7-86C 5-100 ug/l ==-=-=-----cccacomoemeocccooooooiecomocanoacoaae
% 0.4 % 1.0% 97 % 101 X 102 ¥ 28 % 32 % 18 % 83 % 108 % 101 %
5.0 ug/l 11 ug/l 32 ugst 5.0 ug/t 11 ugsl 32 ug/t
220.2 5 - 100 UG b=~ el D168B-84F 5100 Ug/l =====- === === iicsolosiaialolaas
Not available at this time 77 % 21 % 25 % 180 % 109 % 113 %
Copper == -m-esomsseem oo s ses oo oceossosCCsSsnss s scesosesso-eeooocSosoo- Sttt ekl ettt
. not 11 ug/l 70 ug/l 250 ug/l 11 wug/l 70 ug/l 250 ug/l no 0.038X + 5.58 (overall) 50 ug/l 500 ug/t 1000 ug/t
200.7 reported  --cc---emo-esecoceconcecceiicmo-occomecamooiooc----- D4190-82 reported  -------s---c-cccc-soicoooosoo-ioniocccioimaoonooooonns
40 % 8% 5% 100 % 9% % 94 X 0.031x + 0.956 (single) 101 % 99 % 99 %
not 20 ug/( 180 ug/l 600 ug/t 20 wugsl 180 ug/t 600 ug/l no 0.051X + 14.3 (overall) 50 ug/l 500 ug/{ 1000 ug/l
Iron 200.7 reported  ---~---e----eeooiieoo-meieeoo i D4190-B2 reported  -----------eees-emoosooeeosoeoeosooosee-caoosoeoooso
15 % 6 X 3% 95 % 9% 99X 0.013X + 10.7 (single) 110 % 94 % 94 %
................................................................................... B T T N e R Lk E LR T
5 ug/l 50 ug/l 100 ug/l 25 wugsl 50 ug/t 100 ug/ 12 ug/t 24 ug/l 72 ug/t 12 ug/t 24 ug/l 72 ug/l
Lead 239.2 5 - 100 Ug/l-==s=osm e eeiieicsioaanoac-oaos D3559-85D 5-100 UG/l ======-======cccmo oo ooileceiiooaioosooe
1% 2% 4 % 88 % 92 % 95X 30 % 14 X 14 % 87 % B7 % 90 %
................................................................................... Sy s U R PP P OIS P SIPIP SIS
. not 0.5 ug/t 1.0 ugsl 5.0 ug/t 10 ug/L © not .21 ug/l 3.4 ug/t 9.6 ugst .21 ug/t 3.4 ug/l 9.6 ug/l
Mercury 245.2 reported  ---e---eme-ecmceeeeemcieeo oo |p3223-86 reported LR R L e R it b
8 % 4 X 4 % 87 to 100 % 79 % 4 %X 39% 166 % 100 X 95 %
................................................................................... o S RS R S O
: 8.0 ug/\ 30 ug/l 80 ug/l 8.0 ugs/t 30 ug/l 80 ug/l
249.2 5 - 50 Ug/l ---s--cemmmem e e e e eeteeeeccceaaacaoe D18B6-84E 5-100 ug/l --------------=cccoce-mecmcccaocao it maeancaans
el Not available at this time 20 % 17 % 12 % 95 % 97 % 101 %
e ] B et e e et kit bbbt i teb et ittt i
not 30 ug/t 60 ugs/l 250 ug/l 30 wugst 60 ug/l 250 ug/l no S = 0.078X + 5.47 (overall) 50 ug/L 300 ug/L 800 ug/\
200.7 reported  ---c--ee--sccosocececssciciiseocsccaciesooosannnonony D4190-82 reported  ---v-----s--eeos-sosssseocoocosecoeseoossoooseosooeos-
11 % 14 % 5.8% 93 % 92 % 98X 0.029x + 7.17 (single) 106 % 96 % 9% %
................................................................................... e m e e e e e mmmmeee—mameemeemeacmmcoammame—eemmeecmamee—meeameemconn
25 ug/t 50 ug/t 75 ug/t 25 ugsl 50 ug/l 75 ug/l 2ug/l- Qug/t 22 ug/l 2 ug/l 9 ugst 22 ugst
Silver 272.2 1 - 25 Ugfl ~-=----e-mmoeo o eeecneommoacnoconoooeooeaooe D3B66-82C 1-25 ug/l -----=c---scsesesssesesemcecoomoocososooooosoaoesoooss
2% 1% 1% 94 % 100 ¥ 104 % 41 % 19 % 26 % 98 % 90 X 91 %
7 ug/l 56 ug/l 310 ug/l 7 wug/t 56 ug/t 310 ug/l 1.16 mg/11.5 mg/t 1.8 mgst 1.16 mg/l1.5 mg/tl 1.8 mg/l
289.1 .05 = 1 MG/L-mnmo s oo Caooosooaes D1691-BAC .01-2 Mg/l === -=--m--esmo-os oo iocilnosoooeeessnoosiosoes
118 % 45 % 37 % 306 % 1M % 9% 233 % 302 % 147 % 107 % 96 % 98 X
b T et R i bbbt bbbttt be et ettt
ot 16 ug/t 80 ug/l 200 ug/l 16 ugs/l 80 ug/t 200 ug/l not . S = 0.025X + 8.38 (overall) 50 ug/l 500 ug/l
200.7 reported  -e-s----meeomeeeeeaeeieoemeoceacooooeeenes D4190-82 reported  --------------- Smemssesesssesesec-ecocesossscsncoeooso
45 X 10 % 6 % 119 x 103 X 101 % = 0.011X + 6.67 (single) 102 X 100 %

Z/ Optimum concentration range.

3/ Relative Standard Deviation.

%7 ASTH, 1988.



Table A-3. AVERAGE ANALYTICAL PRECISION FROM REPLICATES SUBMITTED BLINDLY. 1/
. REPLICATE COEFFICIENT OF VARJTATION OF REPLICATE PAIRS IN PERCENT (N) 27
- SUBMISION  SUM AR e e R R L L bR
i DATE (A+8) As Cd cr Cu Fe Pb Hg Ni n
3
; T3JUNBS  <=20 13(3) *35(7)* *H51()H* AN 6(1)
20 70 <50 _ *S7CD* 27N
50 TO <100
>=100 4¢2) *52(1)* *68¢1)* 5¢1) act)y
: # BELOW DETECTION (2) (6) 3 4) (5) (3 (5)
? 07JUL89 <=20 *Q4(2)* *141(1)*  0(2) *141(3)* 18( 28(2)
20 TO <50
50 7O <100
>=100 8(1) . *01(1)* *Q2(1)*
# BELOW DETECTION 3. (2) 3 n %) (n (3) 1
17JULB9  <=2D *3904)% *71(2)* 28(1) o
20 TO <50 (1 3(2)
50 TO <100 2(M
>=100 0(2)
# BELOW DETECTION (6) (2) 6) ()] (5) 6) (3
31JUL8? <=20 0C1) *47(3)* 14¢2) 20¢1) 8¢1) *141¢1)*
20 TO <50 5¢1) ot o 3N 32) 81
50 TO <100  2(1) 22(1)
>=100 *87(1)* 0¢2) (3 3(3)
# BELOW DETECTION 4) h (4) 2) (%) 6) %) 2)
16AUGBSY <=20 o¢1) GC1) *71(2)* ot
20 TO <50
50 TO <100 6¢1)
>=100 : IA¢)) 0¢1 (N
# BELOW DETECTION $)) 2y ' ) 2)
01SEBBY <=20 0C1) *141(¢1)*  24(2) *71(DH* i 71
20 10 <50 gy 3¢
) 50 7O <100 2(1) o o
>=100 3(3) N
# BELOW DETECTION (3 (4) (2) 3 (5) (5 Q)] [4D)
170CT89 <=20 0¢1y - *7(1)* ocn o
20 TO <50
50 10 <100
~ >=100
# BELOW DETECTION 1 4))] 4P (&)
28DEC8% <=20 11N 6(2) 18(3)
20 To <50 3¢ o 4¢1)
50 TO <100 3¢
.>=100 -1¢)) 5(1) 1(3) 6(7) 4(3) 1(4)
# BELOW DETECTION N o n H H 3 N
18JANSD  <=20 K1) 0N *52(3)* TN
20 TO <50 '
50 TO <100
>=100 2(1) Leh) 2.2t 3(4)
# BELOW DETECTION N
4LAPRPO  <=20 28(1) 1(2) 0(2)
20 TO <50 7N o) (N o 4(2) 7(1) oy
50 TG <100 9¢2) , 6¢1)
>=100 4(2) 1N 204) 10¢2) EIGD] 2¢4) 4(5)
# BELOW DETECTION %)) H
29JUNPD  <=20 16¢1) 0¢1)
20 TO <50 5¢1) 0¢1)
50 TO <100 .
>=100 4 6(1) I{&D)]

# BELOW DETECTION

77 Analyses by Anlab Laboratory, Sacramento, CA except for the Jume 13, 1989
submission which was performed by Cal Enseco, Inc., West Sacramento, CA.
2/ “Modified Shewart" variation (U.S.EPA, 1983a). N=number of replicate pairs.

* x * indicates variation outside of accepted limits.
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Table A-4. WASTE ROCK METAL VARIABILITY OF LABORATOkY REPLICATES.

TOTAL CONCENTRATION (MG/KG, DRY WEIGHT)

MINE pH ARSENIC CADMIUM CHROMIUM COPPER LEAD ZINC NICKEL MERCURY SILVER
Tron Mt. loading ares 112
AVERAGE 1.40 -
cov  0.00 )
Risihg Star 2.8 650 30 3.8 1400 100 3500 ND 16 5.2
2.8 600 28 3.8 1300 110 3500 ND 15 4.2
AVERAGE 3 625 29 4 1350 105 3500 0 16 5
cov 0.0 5.7 4.9 0.0 5.2 6.7 0.0 4.6 15.0
Bully Hill 3.6 190 27 15 5000 630 4000 7 4.6 14
3.6 170 25 17 5100 660 3900 7.5 4.3 14
AVERAGE 4 180 26 16 5050 645 3950 7 4 14
cov 0.0 7.9 5.4 8.8 1.6 3.3 1.8 4.9 4.8 0.0
Big Buzzard 3.1
3.1 v
AVERAGE 3.10
cov 0.00
Corona 2.8
2.8
AVERAGE 2.80
cov 0.00
Spenceville 2.6 90 g.8 2.4 120 240 40 ND 0.59 46
2.6 a5 0.6 3 100 220 46 ND 0.58 55
AVERAGE 3 88 1 3 110 230 43 0 1 51
cov 0.0 4.0 20.2 15.7 12.9 6.1 . 1.2 12.6
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Table A-5. LOADS CALCULATED FOR IRON MT. MINE AT SPRING CREEK DEBRIS DAM. 1/
TOTAL TADNIOR %/ TOPPER &7 “ZINC &7
FLOW/MONTH= == ===~ =-ommemmcemooecooeemove  aemseccocceccmsecooce—ocoocssss  Sosmeeieeeossesccsescaccsaeen.
YEAR MONTH (CFS) MG/L S.E. N K6 MG/L S.E. N KG MG/L S.E. N KG
1988 0Lt 28 U.3800  U.0000 2 b g8.100 U.0000 2 T 599 256.0 0.000 A 3,151
NOV 463 0.0877 0.0387 3 99 3.730 1.3100 10 4,225 15.2 13.140 10 17,263
DEC 946 0.0820 0.0000 1 190  1.667 0.1639 8 3,858 11.4 1.561 8 26,422
1989 JAN 581 0.0534 0.0124 5 76 1.448 0.0927 9 2,058 8.4 2.306 9 11,950
FEB 390 0.0763 0.0208 3 73 1.588 0.2133 8 1,515 11.5 4.037 8 , 964
MAR 1,906 0.0242 0.0087 5 113 0.807 0.2070 27 3,759 4.0 1.152 27 18,479
APR 1,705 0.0285 0.0065 4 119 0.811 0.1850 30 3,383 4.2 0.612 27 17,720
MAY 1,487 0.0545 0.0233 2 198  1.766 0.5089 17 6,424 8.9 2.827 17 32,466
JUN 1,164 0.0700 0.0000 1 199 2.033 0.2141 8 5,788 10.6 0.808 8 30,275
JuL 596 0.1167 0.0226 3170 4.730 0.6710 4 6,897 20.5 3.526 4 29,856
AUG 372 0.1870 0.0000 1 170 5.617 0.3253 3 5,112 26.2 6,126 3 ,875
SEP 49 0.3090 0.0000 1 37 8.175 1.0079 & 980 48.8  6.902 4 5,853
ocT 246 0.6500 0.0000 1 391 3.927 1.3924 6 2,363 21.2  11.334 6 12,729
NOV 551  0.1273  0.0641 3 172 3.830 1.5449 7 5,163 16.9  5.928 7 22,748
DEC 149 . 0.1312  0.0424 5 48 4.830 0.7060 7 1,76 20.3 4.345 7 ,395
1990 JAN 560 0.0685- 0.0417 4 9% 2.161 1.0662 11 2,961 10.8  9.525 11 14,786
FEB 656 0.0253 0.0051 4 41 1,124 0.1001 8 1,804 4,2 1.149 8 6,753
2/ MAR 475 0.0288 0.0038 5 33 1.062. 0.1076 S 1,234 4.0 0.5%94 5 4,679
APR 293 0.0840 0.0384 3 60 1.764 0.3465 8 1,264 14.4 5.777 8 10,349
MAY 181 0.0903 0.0651% 3 40 1.875 0.7192 N 831 17.3 8.883 11 7,645
JUN 2,318 0.0290- 0.0000 - 1 164 0.805 0.2738 15 4,563 4.6 0.83% 15 25,948
JuL 1,052 0.1380 0.0000 1 355 1.642 0.5295 6 4,225 18.1 7.692 6 46,543
AUG 102 0.3690 0.0000 1 92 5.218 0.6400 5 1,302 60.3 8.375 5 15,048
SEP 145 0.3670 0.0000 1 130 5.096 0.5533 5 1,808 57.7  4.836 5 ,b84
_MONTHLY AV 684  0.149 3.08 19.4 .
LOAD/YEAR (KG) 1,546 36,917 211,691
LOAD SE (KG) 161 4,535 34,500
ARSENIC CHROM. LEAD  NICKEL
AVE. CONC., UG/L (N=5) oA 11 20 12
COEFFICIENT OF VARIATION 0.55 0.45 0.20 0.58
ANNUAL LOAD (KG) 3/ 858 214 390 234

1/ SOURCE: He1man,' D. Lomputer data sheets containing U.5.BR and regional board tTlow and concentration data. Redding, U

2/ Average of the surrounding month’s flow.

3/ Using 7,969 CFS as annual outflow.

4/ MG/L=Concentration; S.E.=Standard Error; N=Number of samples; KG=Loads in kilograms.

Tabte A-6. LOADS CALCULATED FROM WESTERN SHASTA DISTRICT MINES.
ANRUAL TDADS, KILOGRAMS
MINE . SAMPLE SOURCE  ==---==cscsecesmrecmceccecsnrmcecaumosececonecmecancocas S
DRAINAGE LOCATION- DATE 1/ ARSENIC CADMIUM CHROMIUM COPPER NICKEL LEAD ZINC
FWest Squaw Creek 3um Oof all drainage  4-28-89Y I K9] B a, a4
watershed 4-17-91 2 23.5 5,895 5,326
i 1-17-92 3 ND 58.6 ND 8,446 ND ND 11,481
Creek below drainage 4-28-89 1 37.0 4,987 ,383
7-27-89 * 25.2 11,744 4,194
4-17-91 2 8,826 11,480
1-17-92 3 2,820 3,550
AVERAGE 17.8 6,928 7,537
STANDARD DEVIATION 13.0 2,729 3,034
COEFFICIENT OF VARIATION 0.34 6.39 6.100
Little Backbone Creek watershed
Sum of all drainage 5-12-89 4 155 14,069 29,167
Creek below drainage 5-12-89 4 114 12,310 20,805
Creek below drainage 7-27-89 * 56 197 14 21,854 32 81 37,465
AVERAGE 56 155 14 16,078 32 81 29,146
STANDARD DEVIATION 34 4,147 6,801
COEFFICIENT QF VARIATION 0.22 6.26 6.23
Shoemaker Gulch watershed
Friday-Lowden portal 5-12-89 4 39.8 3,766 12,028
Gulch below mines 7-27-89 * 3 22.0 1 2,000 ND ND 3,200
AVERAGE . 3 30.9 1 2,883 7,614
STANDARD DEVIATION 8.9 883.0 4,414
COEFFICIENT OF VARIATION 0.29 0.3 b.58
Total Little Backbone Crk and Shoemaker Gulch 59 186 15 18,961 32 81 36,760
Standard deviation 35 4,260 8,108
Coefficient of variation 0.19 §.22 6.22
17 SOURCES * This study. .
! Heiman, D. 1989. Squaw Creek Survey, 2B April 1989. Memorandum from D. Heiman to J. Pedri. CVRWQACB Redding. 9-13.
2 Heiman, D. 1991. West Squaw Creek Survey.- April 17, 1991. Memorandum from D. Heiman to J. Pedri. CVRWQCB, Redding. bobs
3 Heiman, D. 1992. West Squaw Creek Investigations. Memorandum from D. Heiman to J. Pedri. CVRWACB, Redding. 2-14.

4

Heiman,
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D. 1989. Littie Backbone Creek Survey -- 12 May 1989. Memorandum from D. Heiman to J. Pedri. CVRWQCB, Redding. §



APPENDIX B
SPENCEVILLE MINE RAINFALL RUNOFF MONITORING

crete, water samples were collected from a waste rock pﬁe stream over the duration of a storm event
~-’12 -13 January 1989. Electrical conductivity and rainfall were also measured prior to.each water sample.

‘considered large and the Rv of 0.38 is probably a higher than normal value due to quick oversaturation of
per: surface during intense rainfall. Infiltration is usually greater than runoff depending on the soil conductivity
nt:degree of saturatxon (Hamcs and thcine, 1987). Lxghter rains were observed to be completely absorbed

this' decrease. Salts are carried to the surface of the pile via capillary action after infiltrated water solubilizes
ock constituents below the surface. A majority of these salts would be flushed from the surface during the
tages of the storm event. Metal concentrations and incipient rainfall were correlated, but not much else co-

opper in Dry Creek below the mine exceeded the EPA hardness factored criteria by 2-10 times (23-120 ug/1).
spper levels in Dry Creek above the mine were just above the detection limit during most of the storm (2-7 ppb).
inc levels in Dry Creek below the mine were elevated above the upstream concentrations but did not exceed the
iteria. The upstream watershed is gentle to rugged foothill scrub-oak rangeland.

al suspended solids increased in Dry Creek from 4.5-59 mg/] above the mine to 5.5-114 mg/] below the mine.

Runoff from a portion of the mine site and a nearby road likely contributed to the increase. Multi-colored water was
observed coming from the mine site’s variably composed waste rock piles.
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'able B-1. WATER QUALITY OF RAINFALL RUNOFF FROM SPENCEVILLE MINE.

e

RATNFALL (INCHES)

TOTAL CONCENTRATION (UG/T3~

DATE, 1989 = ~mecceccmcccccccnneas FLOW . EC 1SS HARDNESS --=--~=-===c-ceccmvemauaL [
LOCATION (MO/DAY)- TIME INCIPIANT CUMULATIVE (CFS) VELOCITY (uS/em) (MG/L) (MG/L) CADMIUM COPPER ZINC MER[:UR".
Mine site JAN T2 1145 0.05 0.0 DRY ~
1245 0.05 0.10 DRY - :
1300 0.05 0.15 DRY : i
1330 0.05 0.20 0.21 1.4 800 4.4 6,000 1,500 0.5
1400 0.10 0.30 Q.06 0.4 720 3.6 4,100 1,300 1.
1428 0.05 0.35 0.16 1.7 600 4.4 5,300 1,400 0,
1440 0.05 0.40 0.19 1.9 480 2.7 3,000 920 0.5
1500 0.10, 0.50 0.47 2.4 400 4.7 4,300 1,800 0.4
1535 0.15 0.65: 0.29 2.0 380 2.5 2,500 810 1.4
1625 - 0.15 0.80 0.37 1.9 480 3.9 3,900 1,200 03
1650 0.10 0.90 0.21 2.2 380 2.5 2,600 860 <0.2
1750 0.10 1.00 0.18 1.2 510 4.0 4,200 1,400 <0.3
1810 . 0.60 1.60 0.12 0.6 200 3.4 2,400 980 2.7
2140 0.80 2.40 1.19 3.5 220 4.1 3,900 1,500 7.4
JAN 13 740 0.60 3.00 1.19 3.5 190 2.5 2,200 850 2.2
925 0.15 3.15 DRY
Dry Creek AN 12 1150 200 4.5 82 2 <S5 <02
above mine 1410 200 4.5 82 2 <5 <0,
1532 240 6.5 82 2 <5 <@.2
1900 180 59 69 7 10 <0.2
pry Creek JAN 12 1150 220 5.5 86 © 23 26 <0
below mine 1300 220 31 30 <0.2
1410 200 8 86 39 45 <0.2
1500 220 56 b4 <0.2.
1545 220 25 85 90 .90 <02
1800 220 31 35 <02
1920 200 114 79 120 83 <0.2
‘ 2140 - 100 63 68 <0
B A)
Table 8-2. METALS LOADING COMPARISONS FROM SPENCEVILLE MINE RUNOFF.
LOADING PARAMETER _ CADMIUM COPPER ZINC
k!lograrﬁs per inch of rainfall from this event 0.0004Y  0.4975 0.169
(kg/1.6 inches) .
kilograms per year from the mine site (rainfall runoff) 0.02 20 7
(kg/1.6)*20.5*2) 1/
kilograms per year from the mine site (dry period) 0.09 175 144 ;
(from Table )
percent of the total loads from rainfall runoff 18 10 5

1/ Amnual rainfall = 20.5 méhes at nearby Marysville.

Total annual loads from the mine site are approximately 2 time those measured.
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BEAR -RIVER/DRY CREEK WATERSHEDS

—

Empire Nevada E i
air shaft discharge . 13JUN89 525 6.60 53 ND ND ND WD 5 ND ND ND *
13DECB9 5.98 229 489 6.66 92 ND 4,700 *
13APR90 10.27 354 6.79 2 29 *
Lava Cap Nevada
seepage discharge 14 JUNB9 390 6.80 58 0.1 ND 2 ND 25 ND 0.6 ND *
04SEPB?  5.05 510 7.60
13DECBY 6.34 275 518 7.42 70 0.3 2 12 ND 160 *
82-86 42 2
M-J 84 6.2 3
Spenceville Yolo . .
Little Dry Crk. above mine 13MARBS 140 6.70 <25 85 590 4 1/
: ’ 22JuNB7 " 140 8.00 55 <4 <100 <100 5
03DEC87 <200 <5 <10 <25 <40 <20 <50 <0.2 <100 5
01FEBBB 131 7.60 76 60 <50 5
07FEBBY 204 83 7 <1 3.5 8 2.2 128 6
28.JUNB9 30 20 400 7
13JUNB9 -15.00 212 7.50 ND ND ND 3 ND 1 ND 0.5 ND *
11DECB89 16.02 297 6.83 ND ND ND ND 130 *
BJUNSO 15.2 250 7.3 ND 2 3 T 0.2 *
Little Dry Crk. below mine 254uLBS 134 5 <2.0 1,500 930 <20 3,400 8
' 13MARBS 120 6.80 64 140 490 5
03DECB7 . o <200 <5 <10 110 <40 240 <50 <0.2 <100 5
O01FEBBB " 158 7.08 67 120 200 5
O7FEBBY . 224 88 7.5 <1 235 <5 128 500 (3
t3JuUN89 15.00 580 7.30 90 ND 0.2 ND 180 ND 140 ND 0.6 ND : *
11DEC89 16.02 318 6.95 130 0.7 415 ' 315 ND 1,050 *
8JUNSD Co 278 7.09 0.5 320 250 0.5 *
Dry Creek above Little Dry Crk 13JuNB9 <1 <0.2 <2 2 <4 <10 <5 0.6 <0.5 *
. 11DEC89- 204 237 6.72 <0.1 2 <5 <0.2 210 *
13JANB? 205 79 3.3 3 ND * 2/
Dry Creek below Littie Dry Crk 13JuUNB? 245 7.80 <1 <0.2 <2 32 <h 24 <5 <0.2 <0.5 *
11DEC89 220 249  T.42 . 0.2 100 50 <0.2 330 *
13JANBY 200 84 57 56 ND * 2/
Valley View Placer ‘
adit discharge 01APRB7 1.70 <200 4,500 130 97,000 760 230,000 <50 <10 510,000 9
27APR90  0.11 427 6,280 2.44 150 6,500 210 150,000 540 260,000 78 ND 810,000 *
spring/seep above mine 08JUNB? . 1.9 ND 3.4 7.4 ND ND ND ND ND *
irrig. water above mine 0BJUNBY ND ND 9.1 8.6 KD ND ND ND ND *
21DECB9 196 B 6.7 ND 1 2 ND ND ND 190 *
irrig. water below mine 08JUNBY ’ ND 67.0 3.4 1,120 19.0 4,300 ND 0.1 ND *
' 21DECBY? 2.18 247 607 4.59 220 190 2 4,900 41 13,000 ND 360 *
27APR90 2.8t 160 560 4.83 160 2 4,200 59 11,000 ND 440 *

SOURCE :
1. CVRWACB Data sheet.

2. Cranmer Engineering, Inc. Monitoring data sheets.
3. Hydro-search, Inc. 1984. Report of WDR. June. 6 data points

4. Newman, B. 1986. Inspection report.

5. S.S. Papadopulos & Assoc., Inc, 1988. Spenceville Hydrological Assessment Report. April.

35 data points averaged from 11-11-82 to 11-4-86.

averaged from 4-4 to 5-31-‘B4.




Table C-1. WATER QUALITY CHARACTERISTICS OF MINE DRAINAGE & RECEIVING WATERS IN SEVERAL SACRAMENTO VALLEY WATERSHEDS.

CONCENTRATION, UG/L (DETECTION LIMITS IN PARENTHESES)

HARDNESS ----=c-mmomommommm o e oo o e e e e e e e e ceecee e meeen-
SAMPLE FLOW Eh EC AS CACO3 ARSENIC CADMIUM CHROMIUM COPPER NICKEL ZINC LEAD MERCURY SILVER IRON SOURC
MINE SAMPLE L OCATIONM COUNTY DATE (l/s) (mV) (uS/cm) pH  (mg/L) (<1.0) (<0.10) (<2.0) (<1.0) (<4.0) (<10) (<5.0) (<0.20) (<0.50) (<30) ‘
4. Bond, S. 1989. Data sheet from Sierra Foothill Laboratory. March 3.
7. Bond, S. 1989. Spencevitle mine. TPCA MINE exemption request review. October 4.
8. U.S. BLM. 1986. Memo & data sheet to William Crooks, CVRWACB, February.
9. Hchonald, A. 1987. Inspection data sheet. .
* This study. 1/ Not included in the load estimates. 2/ Average of four samples.
YUBA RIVER WATERSHED
Brush Creek
main adit Nevada 30MAR88 1/ 186 22 70 - 290 72 2
29MAY8B - 237 1
+  06JUNBB . ) 210 1
09JUNSS 337 7.50 250 1
174uN8s 336 7.50 230 1
28JUNBS 362 7.50 210 1
03JuL88 341 7.50 217 1
08.1uLss 342 7.50 196 1.
09J4uLB8 367 7.50 270 1
11AUGBS 354 7.50 256 1
&5 030CT88 365  7.50 240 1
05NOvVe8 - 348 7.50 260 1
05DECS8 : 387 8.20 210 1
10APR89 331 7.40 176 1
09JUNBY 245 170 ND 4.2 ND 155 ND ND ND ND
12APR90  26.9 83 309 6.90 180 ND 2 110 - ND ND
upper adit 30MARBS .61 <2 2 27 <10 1
29MAY88 76 . 1
064UNBS 68 1
17JuN88 253 81 1
28JUNB8 284 75 1
03JuL88 303 57 1
084uL88 . 316 : 69 1
09.4uL88 315 74 1
11AUGS8 365 62 1
030CT88 414 32 i
05Novas 423 41 1
05DEC88 210 67 1
10APRB9 227 43 1
. 12APR90  6.51 87 186 7.10 60 ND 29
Woodruff Crk 28MARSS ’ : 20 <1 <5 <10 10 <5 <8 <0.5 1
below mine JOMARBS : .20 <? 4 10 <10 1
' 29MAYE8 21 !
09JuN88 172 8.00 21 1
284UNBS 214 8.30 25 - 1
17JuNB8 - 210 8.20 26 1
03Jutss - 193 - 8.20 22 1
08.4uUL88 213 8.30 26 1
09JuL88 235 8.40 29 1
. 8.20 .29 1

“11AuUGB8 ' 234

-



uv

v : "FLOW Eh- . ; - .
MINE: SAMPLE LOCATION COUNTY (I/s)  (mV)  (uS/ém) TpHT T (mg €<30) R
030CcT83 209 8.20 26 1
05N0vB8 225 8.10 29 1
05DECB8 174 7.90 17 1
10APR89 108 7,90 7 1
10APRB9 111 7.90 7 1
09JUNB? 323 140 10.10 21 <0.2 4.5 <1 8.3 <10 <5 <0.2 <0.5 *
15DEC89 87 21 192 7.77 100 30 2 5 <30 *
12APR90 431 85 142 7.00 17 5 *
Champion ' ) :
adit discharge Nevada 15JUNB9 2.26 107 5.8 ND 0.7 ND 1 ND M ND ND ND *
Columbo Sierra
adit discharge 09JUNBY 42.79 2.4 ND 4.5 ND ND ND 2.9 ND ND *
15DEC8? 16.83 216 153 7.46 ND 2 ND N ¥
12APR90 31.82 115 153 7.01 ND 1 ND -
Kanaka Creek mines 2/ Sierra .
confluence with M.F. Yuba R. 14DECB9 278 191 182 6.86 79 25 2 ND ND N *
13APR90 1,226 114 6.46 45 15 ND *
M.f. Yuba R. above Kanaka Crk. 13APR90 60.1 6.54 ND *
M.F. Yuba R. below Kanaka Crk. 13APR90 65 6.77 ND *
Malakoff Diggins Nevada :
Hillar Tunnet discharge 23FEBBY - 6.80 40 9 <200 100 80 80 90 <20 - 0.5 <200 35,000 3
14JUNBY M7 6.50 ND ND ND 3 9 24 ND 0.3 ND *
14DECBY 26.32 176 163 6.52 2 68 24 ND 3,000 *
13APRY0  17.52 203 6.82 ND 19 26 ND *
Humbug Crk. above mine 14JUNB9 “. 82 6.70 ND ND ND 1 7 ND ND . ND ND *
. 14DECB9 224 142 6.61 61 ND 12 ND ND 40 *
Humbug Crk. below mine 14DECB9 210 133 - 6.67 51 ND 15 8 D tto *
Pick & Shovel Sierra
adit discharge 060CT89 1.24 733 6.75 3 ND 1.5 ND 180 21 ND ND ND *
19APRS0 3.18 126 342 6.28 ND ND 93 7 30 *
Pats Guich above mine 060cT89 0.71 58 7.25 ND ND 1 ND ND ND ND ND ND *
19APRY0 27 6.58 ND ND ND *
Pats Gulch below mine 060CT89 378 6.79 130 KD ND 1 ND 100 13 ND ND ND *
19APRY0O 125 83 6.62 26 ND ) 18 5 *
Pats Gulch 1 mile below mine 060CT89 112 .3 ND ND ND ND ND ND ND ND ND *
Plumbago Sierra
adit discharge 13MAY88 250 8.10 370 ND 6 40 ND ND 4
10JUNBY  4.25 300 280 ND 5.2 ND 6.2 ND ND ND ND *
20JUNBS 284 7.90 as ND ND ND 5
14DECB9 2.29 235 325 7.39 320 1.5 ND 45 *
Buckeye Ravine above mine 10JUNB? 130 1.7 ND 12 ND 8.8 ND ND ND - ND *
14DEC89 209 207 7.64 ND 8 ND ND o *
Buckeye Ravine below mine 14DEC89 208 234 7.46 130 170 9 ND ND  *
Sierra Buttes mines Sierra
Howard Creek 09JUNBY 24 4 1.2 ND 3 ND ND ND *
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Table C-1. WATER QUALITY CHARACTERISTICS OF MINE DRAINAGE & RECEIVING WATERS IN SEVERAL SACRAMENTO VALLEY WATERSHEDS.

CONCENTRATION, UG/L (DETECTION LIMITS IN PARENTHESES)

HARDNESS -----~----ccc-mermrarcc et ce e cmc e ecm oo oo e m oo ccmeccneas
SAMPLE FLOW Eh EC AS CACO3 ARSENIC CADMIUM CHROMIUM COPPER NICKEL ZINC- LEAD MERCURY SILVER - IRON SOURC
MINE SAMPLE LOCATION COUNTY DATE (l/s) (mV) (uS/cm) pH (mg/L) (<1.0) (<0.10) (<2.0) (<1.0) (<4.0) (<10) (<5.0) (<0.20) (<0.50) (<30)
T5DECBY £0.86 201 [4 6.60 ND i ND ND [T
Spanish Nevada :
Lower adit (16 to 1) 14JUNBY 170 3.50 9 71 1 370 160 2,300 39 0.3 ND *
15DEC89 2.92 240 468 5.54 7 5.1 1 220 70 1,950 28 ND 3,400 *
12APRQ0 1.38 89 5,060 4.05 2.5 3.7 ND 210 100 1,900 20 ND 3,850 *
14AUGS0 1.81 102 509 4.45 69 8,900 *
26SEPBS <10 5 <5 170
03MAY8B? <5 12 <5 590
20DECB9 <5 5 <5 200
Poorman Creek above lower adit 15DEC90 208 62 6.46 ND 0.2 ND ND ND 10 ND ND N >
12APRP0 107 32 6.43 ND ND ND N *
Poorman Creek below lower adit 14JUNB9 57 6.20 25 ND ND HD 2 ND 14 ND ND ND *
1SDEC89 21 72 6.26 28 ND 0.1 ND ND ND 15 ND ND N
12HAYS0 96 33 6.35 12 ND 1 15 *
Upper adit 14AUGS0 2.3 68 478 5.67 66.7 18 7.5 ND 80 19 21 110 37000 *
27SEPBS 5 4 <5 <100 : 6
03MAYB9 41 <29 <5 500 6
3J10EC89 <5 <1 <5 <50 [
Devels Canyon Cr above upper adit 03APR89 <5 <1 <5 <10 6
Devels Canyon Crk ca 1 mi below 26SEP88 <10 <1 <5 <10 [}
upper adit 03APRB9 <5 2 <5 60 6
J1DEC8B? : <5 <1 <5 <10 6
Devels Canyon Crk ca 2 mi betow 14AUGS0 8.9 51 175 7.53 98.84 ND ND 2 ND 6 2 ND N >
upper adit 27SEPBS <10 <1 <5 <1 6
03MAY 89 <5 <1 <5 20 6
20DECB9 <5 <1 <5 <50 6

1/ Not included in the loading estimates.

2/ At the confluence with the M.F. Yuba R. Several mines exist in the watershed (e.g., Sixteen-to-One, Oriental, Kenton).

SOURCE 5

% ONN DN =
e s e s s

This study.

FEATHER RIVER WATERSHED

Sierra County Case #1455, Brush creek Mine.
Clementsen, K. 1988. Data sheet from CH2M Hill. May 6.

Waggoner, M. 1989. Inspection report on Malakoff Diggins.
Daniels, D. 1988. Inspection report. Jun.10
Daniels, D. 1989. Inspection report. Jun.30
Vector Engineering, Inc. 1990. Operations and reclamation plan for the phase Il exploration program, Spanish Mine, Washington, CA. VEI, Grass Valley, CA. May.

Beardsley Plumas
Hosselkus Creek below mine 26AUGS9 131 7.05 ND ND ND 2 ND ND ND ND ND *
Engel/Superior Plumas
Lights Creek above mine 27JUNB9? 120 6.70 ND ND ND 4 ND ND ND 0.4 ND *
Lights Crk. below Superior Gulch 27JUN89 98 7.70 ND ND ND 3 ND ND ND 0.3 ND "
Lights Creek 3 mi. below mine 27JUNS9 134 7.30 3 ND ND 12 ND ND ND D ND *
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SEVERAL SACRANENTO VALLEY WATERSHEDS.
CONCENTRATION, UG/L (DETECTION LIMITS IH PAREWTHESES)

1. WATER QUALITY CHARACTERISTICS OF MINE DRAINAGE & RECEIVING WATERS

HARDNESS —-----cc----mecmmccrccecmccc et ercceerocecemccecacoacascececcccccamcc—mcecacaeecannn
. SAMPLE FLOW Eh EC AS CACO3 ARSEMIC CADMIUM CHROMIUM COPPER NICKEL ZINC LEAD MERCURY SILVER " TRON SOURC
MINE SAMPLE LOCATION COUNTY DATE (l/s) (mV) (uS/cm) pH.  (mg/L) (<1.0) (<D.10) (<2.0) (<1.0) (<4.0) (<10) (<5.0) (<0.20) (<0.50) (<30)
Iron-Dyke Plumas :
Taylors creek above mine 27JUNB9 159 6.70 ND ND ND HD ND ND ND ND ND *
Taylors creek below mine 27JUNB9  2.30 90 6.70 ND 0.5 ND 21 " ND 18 ND ND ND *
tucky-S Plumas
tower shaft water 26AUGE9 seep 57 6.73 ND 0.3 ND 1 ND 14 ND ND ND *
adit discharge 26AUGBY? 3.22 106 6.54 ND 2.9 ND 80 ND 260 ND ND ND >
_ . 20APR90 4.06 130 101 6.04 2.5 63 335 25,000 *
Peters Creek below mine 26AUGEY 101.7 7.01 42 ND 3.8 ND 110 ND 510 ND ND ND *
: 20APR%0 140 36 6.45 13 0.4 24 88 *
Plumas-Eureka Plumas
caved drainage shaft water 26JUN8B9 130 8.20 4 0.1 ND 2 ND 6 ND 0.2 ND *
Jamison Creek below mine 26JUNB9 150 6.50 ND ND ND ND ND ND ND D ND *
Reward #7 Plumas
Ward creek below mine 20DEC8? 185 146 .23 130 ND ND ND ND ND ND 0.2 ND ¥
10APR%0 108 6.41 47 KD *
HWard creek above mine 10APR90O 106 6.68 ND *
Walker . ) :
main adit discharge Plumas 206MARSB8 0.57 : 290 10 1
~ 02JuNB8 0.37 248 5.4 1
bol 16JUL8B8 ) ) 240 <10 1
03AUGB8 0.28 i 220 <50 1
03§ov88 0.28 229 7 1
03Nove8 0.28 229 6.5 1
03NovEs 240 40 1
29JANE?  1.16 . 250 14 1
29MARB? 0.93 . . 450 <5 1
20JUN89 : 310 20 1
06JUNB? 260 20 1
06JUNBY : 280 10 1
06JUNB? 107 7.34 ND 0.1 ND 290 ND 9 ND ND ND *
Dollie Creek above mine 03AUGSS 8 23 1
03NovB8 0.03 6.2 2.8 1
03Nov8s 7 45 ik
294ANB9 0.08 ) <2 <5 1
20JUNB9? 1.25 . <1 : <10 1
' 263UNBY 118 7.70 . ND ND 1 ND ND ND ND ND - ND *
Dollie Creek betow mine 03AUGS8 69 7 1
03NOVB8 7.87 ] 28 3 1
26JUNB? 15.15 . 90 10 1

26JuNB9 8.5 14 7.60 KD ND ND 49 ND ND KD ND NO *

SOURCE: 1. Croyle, B. 1990. Walker mine data report (data collected post-plugging)
* This study.
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Table C-1. WATER QUALITY CHARACTERISTICS OF MINE DRAINAGE & RECEIVING WATERS IN SEVERAL SACRAMENTO VALLEY WATERSHEDS.

CONCENTRATION, UG/L (DETECTION LIMITS IN PARENTHESES)

HARDNESS ~----<-s----semmocscc e e e m e c s s mrm e s e e e e n e cccnenonaae
SAMPLE FLOW Eh EC AS CACO3 ARSENIC CADMIUM CHROMIUM COPPER NICKEL 2